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(57) Abstract 

A system for the rapid characterization of mulli-analyte fluids, in one embodiment, includes a light source, a sensor array, and a 
detector. The sensor array is formed from a supporting member into which a plurality of cavltites may be formed. A series of chemically 
sensitive particles microspheres are, in one embodiment positioned within the cavities. The particles may be configured to produce a signal 
when a receptor coupled to the particle interacts with the analyte. Using pattern recognition techniques, the analytes within a multi-anal ytc 
fluid may be characterized. 
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TITLE: SENSOR ARRAYS FOR THE MEASUREMENT AND IDENTIFICATION OF MULTIPLE 
ANALYTES IN SOLUTIONS 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

Research leading to this invention was federally supported, in part, by grant No. IR01GM57306-O1 
entitled "The Development of an Electronic Tongue" from the National Institute of Health and the U.S. 
Government has certain rights to this invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and device for the detection of analytes in a fluid. More 
particularly, the invention relates to the development of a sensor array system capable of discriminating mixtures of 
anal vies, toxins, and/or bacteria in medical, food/beverage, and environmental solutions. 

2. Brief Description of the Related Art 

The development of smart sensors capable of discriminating different analytes, toxins, and bacteria has 
become increasingly important for clinical, environmental, health and safety, remote sensing, military, 
food/beverage and chemical processing applications. Although many sensors capable of high sensitivity and high 
selectivity detection have been fashioned for single analytic detection, only in a few selected cases have array 
sensors been prepared which display solution phase mnlti-analyte detection capabilities. The advantages of such 
array systems arc their utility for the analysis of multiple analytes and their ability to be "trained" to respond to new 
stimuli Such on site adaptive analysis capabilities afforded by the array structures make their utilization promising 
for a variety of future applications. Array based sensors displaying the capacity to sense and identify complex 
vapors have been demonstrated recently using a number of distinct transduction schemes. For example, functional 
sensors based on Surface Acoustic Wave (SAW), tin oxide (SnOj) sensors, conductive organic polymers, and 
carbon black/polymer composites have been fashioned. The use of tin oxide sensors, for example, is described in 
U.S. Patent No. 5,654,497 to Hoffheins et al. These sensors display the capacity to identify and discriminate 
between a variety of organic vapors by virtue of small site-to-site differences in response characteristics. Pattern 
recognition of the overall fingerprint response for the array serves as the basis for an olfaction- like detection of the 
vapor phase analyte species. Indeed, several commercial "electronic noses" have been developed recently. Most of 
the well established sensing elements are based on SnO, arrays which have been dcrivarizod so as to yield 
chemically distinct response properties. Arrays based on SAW crystals yield extremely sensitive responses to 
vapor, however, engineering challenges have prevented the creation of large SAW arrays having multiple sensor 
sites. To our knowledge, the largest SAW device reported to date possesses only 1 2 sensor elements. Additionally, 
limited chemical diversity and the lack of understanding of the molecular features of such systems makes their 
expansion into more complex analysis difficult. 
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Other structures have been developed that are capable of identifying and discriminating volatile organic 
molecules. One structure involves a series of conductive polymer layers deposited onto metal contacting layers. 
Wben these sensors are exposed to volatile reagents, some of the volatile reagents adsorb into the polymer layers, 
leading to small changes in the electrical resistance of these layers. It is the small differences in the behavior of the 
5 various sites that allows for a discrimination, identification, and quantification of the vapors. The detection process 
takes only a few seconds, and sensitivities of part-per-billion can be achieved with this relatively simple approach. 
This "electronic nose" system is described in U.S. Patent No. 5,698,089 to Lewis ct al. which is incorporated by 
reference as if set forth herein. 

Although the above described electronic nose provides an impressive capability for monitoring volatile 
1 0 reagents, the system possesses a number of undesirable characteristics that warrant the development of alternative 
sensor array systems. For example, the electronic nose can be used only for the identification of volatile reagents. 
For many environmental, military, medical, and commercial applications, the identification and quantification of 
analytes present in liquid or solid-phase samples is necessary. Moreover, the electronic nose systems are expensive 
(e.g. t the Aromascan system costs about $50,O0OYunii) and bulky {> 1ft 3 ). Furthermore, the functional elements for 
1 5 the currently available electronic nose are composed of conductive polymer systems which possess little chemical 
selectivity for many of the analytes which aTe of interest to the military and civilian communities. 

One of the most commonly employed sensing techniques has exploited colloidal polymer microspheres for 
latex agglutination tests (LATs) in clinical analysis. Commercially available LATs for more than 60 analytes are 
used routinely for the detection of infectious diseases, illegal drags, and early pregnancy tests. The vast majority of 
20 these types of sensors operate on the principle of agglutination of latex particles (polymer microspheres) which 
occurs when the anubody-acrivatizrd microspheres become effectively "cross-linked'* by a foreign antigen 
resulting in the attachment to, or the inability to pass through a filter. The dye-doped microspheres are then 
detected colorimetricalry upon removal of the antigen carrying solution. However, the LATs lack the ability to be 
utilized for multiple, real time analyte detection schemes as the nature of the response intrinsically depends on a 
25 cooperative effect of the entire collection of microspheres. 
35 Similar to the electronic nose, array sensors that have shown great analytical promise are those based on 

the "DNA on a chip" technology. These devices possess a high density of DNA hybridization sites that are affixed 
in a two-dimensional partem on a planar substrate. To generate nucleotide sequence information, a partem is 
created from unknown DNA fragments binding to various hybridization sites. Both radiochemical and optical 
40 30 methods have provided excellent detection limits for analysis of 1 imited quantities of DNA. (Stimpson, D. L; 

Hoijer, J. V.; Hsieh, W.: Jou. C; Gardon, J.; Theriault, T.; Gamble, R.; Baldeschwieler, J.D. Proc. NatL Acad. Sci. 
USA 1995, 92, 6379). Although quite promising for the detection of DNA fragments, these arrays are generally 
not designed for non-DNA molecules, and accordingly show very little sensitivity to smaller organic molecules. 
Many of the target molecules of interest to civilian and military cormrronrties, however, do not possess DNA 
35 components. Thus, the need for a flexible, non-DNA based sensor is still desired. Moreover, while a number of 
prototype DNA chips containing up to a few thousand different nucleic acid probes have been described, the 
existing technologies tend to be difficult to expand to a practical size. As a result, DNA chips may be prohibitively 
expensive for practical uses. 

A system of analyzing fluid samples using an array formed of heterogeneous, serai-selective thin films 
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* which function as sensing receptor units is described in U.S. Patent No. 5,5 12,490 to Walt ct a]., which is 

incorporated by reference as if set forth herein. Wall appears to describe the use of covalentiy attached polymeric 
"cones" which are grown via photODolymerization onto the distal face of fiber optic bundles. These sensor probes 
appear to be designed with the goal of obtaining unique, continuous, and reproducible responses from small 
10 5 localized regions of dye-doped polymer. The polymer appears to serve as a solid support for indicator molecules 

that provide information about test solutions through changes in optical properties. These polymer supported 
sensors have been used for the detection of analytes sucb as pH, metals, and specific biological entities. Methods 
for manufacturing large numbers of reproducible sensors, however, has yet to be developed. Moreover, no 
15 methods for acquisitions of data streams in a simultaneous manneT are commercially available with this system. 

I 0 Optical alignment issues may also be problematic for these systems. 

A method of rapid sample analysis for use in the diagnostic microbiology field is also desirable. The 
techniques now used for rapid microbiology diagnostics detect either antigens or nucleic acids. Rapid antigen 
testing is based on the use of antibodies to recognize either the single cell organism or the presence of infected cell 
material. Inherent to this approach is the need to obtain and characterize the binding of the antibody to unique 
1 5 structures on the organism being tested. Since the identification and isolation of the appropriate antibodies is rime 
consuming, these techniques are limited to a single agent per testing module and there is no opportunity to evaluate 
the amount of agent present. 

Most antibody methods ore relatively insensitive and require the presence of 10* to 10 organisms. The 
response brae of antibody-antigen reactions in diagnostic tests of this type ranges from 1 0 to 120 minutes, 
20 depending on the method of detection. The fastest methods are generally agglutination reactions, but these methods 
are less sensitive due to difficulties in visual interpretation of the reactions. Approaches with slower reaction times 
include antigen recognition by antibody conjugated to either an enzyme or chromophore. These test types tend to 
be more sensitive, especially when spectiophotometric methods arc used to detennine if an antigen-antibody 
reaction has occurred. These detection schemes do not, however, appear to allow the simultaneous detection of 
25 multiple analytes on a single detector platform. 
35 The alternative to anrigen detection is the detection of nucleic acids. An approach for diagnosric testing 

with nucleic acids uses hybridization to target unique regions of the target organism. These techniques require 
fewer organisms ( 10 1 to 10*). but require about five hours to complete. As with antibody-antigen reactions this 
approach has not been developed for the simultaneous detection of multiple analytes. 
40 30 The most recent improvemeni in the detection of microorganisms has been the use of nucleic acid 

ampUncation. Nucleic acid amplification tests have been developed that generate both qualitative and quantitative 
data. However, the current limitations of these testing methods are related to delays caused by specimen 
preparation, amplification, and detection. Currently, the standard assays require about five hours to complete. The 
45 ability to complete much faster detection for a variety of microorganisms would be of tremendous importance to 

35 military intelligence, national safety, medical, environmental, and food areas. 

It is therefore desirable that new sensors capable of discriminating different analytes, toxins, and bacteria 
be developed for medical/clinical diagnostic, environmental, health and safety, remote sensing, military, 
^ food/beverage, and chemical processing applications. It is further desired that the sensing system be adaptable to 
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the simultaneous detection of a variety of anaiytes to improve throughput during various chemical and biological 
analytical procedures. 

SUMMARY OF THE INVENTION 
Herein we describe a system and method for the analysis of a fluid containing one or more anaiytes. The 
system may be used for either liquid or gaseous fluids. The system, in some embodiments, may generate patterns 
that are diagnostic for both the individual anaiytes and mixtures of the anaiytes. The system in some cmbodimciits. 
is made of a plurality of chemically sensitive particles, formed in an ordered array, capable of simultaneously 
detecting many different kinds of anaiytes rapidly. An aspect of the system is that the array may be formed using a 
microfabrication process, thus allowing the system to be manufactured in an inexpensive manner. 

In an embodiment of a system for detecting anarytes, the system, in some embodiments, includes a light 
source, a sensor array, and a detector. The sensor array, in some embodiments, is formed of a supporting member 
which is configured to hold a variety of chemically sensitive particles (herein referred to as particles'*) in an ordered 
array. The particles are, in some embodiments, elements which will create a detectable signal in the presence of an 
anaJyte The panicles may produce optical (e.g., absorbancc or reflectance) or fluorescence/phosphorescent signals 
upon exposure to an analyte. Examples of panicles include, but are not limited to funcrioDalized polymeric beads, 
aga/ous beads, dextrose beads, polyacrylamide beads, control pore glass beads, metal oxides particles (e.g., silicon 
dioxide (SiOj) or aluminum oxides (AljOj)), polymer thin films, metal quantum particles (e.g., silver, gold, 
platinum, etc.), and semiconductor quantum particles (e.g., Si, Ge, GaAs, etc.). A detector (e.g.. a charge-coupled 
device "CCD**) in one embodiment is positioned below the sensor array to allow for the data acquisition. In another 
embodiment, the detector may be positioned above the sensor array to allow for data acquisition from reflectance of 
30 the light off of the particles. 

Light originating from the light source may pass through the sensor array and out through the bottom side 
of the sensor array. Light modulated by the particles may pass through the sensor array and onto the proximally 
25 spaced detector. Evaluation of the optical changes may be completed by visual inspection or by use of a CCD 
35 detector by itself or in combination with an optical microscope. A microprocessor may be coupled to the CCD 

detector or the microscope. A fluid delivery system may be coupled to the supporting membeT of the sensor array. 
The fluid delivery system, in some embodiments, is configured to introduce samples into and out of the sensor 
array. 

40 30 In an embodiment, the sensor array system includes an array of particles. The particles may include a 

receptor molecule coupled to a polymeric bead. The receptors, in some embodiments, arc chosen for interacting 
with anaiytes. This interaction may take the form of a bmdmg/associatmn of me receptors wim me arialytes. The 
supporting membeT may be made of any material capable of supporting the particles, while allowing the passage of 
the appropriate wavelengths of light. The supporting member may include a plurality of cavities. The cavities may 
be formed such that at least one particle is substantially contained within the cavity. 

In an embodiment, the optical detector may be integrated within the^ bottom of the supporting member, 
rather than using a separate detecting device. The optical detectors may be coupled to a microprocessor to allow 
evaluation of fluids without the use of separate detecting components. Additionally, a fluid delivery system may 
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also be incorporated into the supporting member. Integration of detectors and a fluid delivery system into the 
supporting member may allow the formation of a compact and portable analyte sensing system. 

A high sensitivity CCD array may be used to measure changes in optical characteristics which occur upon 
binding of the biological/chemical agents. The CCD arrays may be interfaced with filters, light sources, fluid 
delivery and microraachined particle receptacles, so as to create * functional sensor array. Data acquisition and 
handling may be performed with existing CCD technology. CCD detectors may be configured to measure white 
light, ultraviolet light or fluorescence. Other detectors such as pbotomultipbcr tubes, charge induction devices, 
photo diodes, photodiode arrays, and microchannel plates may also be used. 

A particle, in some embodiments, possess both the ability to bind the analyte of interest and to create a 
modulated signal. The particle may include receptor molecules which posses the ability to bind the analyte of 
interest and to create a modulated signal. Alternatively, the particle may include receptor molecules and indicators. 
The receptor molecule may posses the ability to bind to an analyte o f interest. Upon binding the analyte of 
interest, the receptor molecule may cause the indicator molecule to produce the modulated signal. The receptor 
molecules may be naturally occurring or synthetic receptors formed by rational design or combinatorial methods. 
Some examples of natural receptors include, but are not limited to, DNA. RNA, proteins, enzymes, oligopeptides, 
antigens, and antibodies. Either natural or synthetic receptors may be chosen for their ability to bind to the analyte 
molecules in a specific manner. 

In one embodiment, a naturally occurring or synthetic receptor is bound to a polymeric bead in order to 
create the particle. The particle, in some einbodiments, is capable of both binding the anaryte(s) of interest and 
20 creating a detectable signal. In some embodiments, the particle will create an optical signal when bound to an 
analyte of interest. 

30 A variety of natural and synthetic receptors may be used The synthetic receptors may come from a 

variety of classes including, but not limited to, polynucleotides (e.g.. aptamers), peptides (e g, enzymes and 
antibodies), synthetic receptors, polymeric unnatural biopolymers (e.g., porythiourcas, polyguanidiniums). and 
IS imprinted polymers. Polynucleotides are relatively small fragments of DNA which may be derived by sequentially 
35 building the DNA sequence. Peptides include natural peptides such as antibodies or enzymes or may be 

synthesized from amino acids. Unnatural biopolymers are chemical structure which are based on natural 
biopolymers, but which are built from unnatural linking units. For example, polythioureas and polyguanidiniums 
have a structure similar to peptides, but may be synthesized from diarnincs (i.e., compounds which include at least 
^ 30 two amine functional groups) rather than ammo acids. Synthetic receptors are designed organic or inorganic 

structures capable of binding various analytes. 

In an embodiment, a large number of chemical/biological agents of interest to the military and civilian 
communities may be sensed readily by the described array sensors. Bacteria may also be detected using a similar 
system. To detect, sense, and identify intact bacteria, the cell surface of one bacteria may be differentiated from 
other bacteria, or genomic material may be detected using oligonucleic receptors. One method of accorrmhshing 
this differentiation is to target cell surface oligosaccharides (i.e.. sugar residues). The use of synthetic receptors 
which arc specific for oligosaccharides may be used to dctennine the presence of specific bacteria by analyzing for 
cell surface oligosaccharides. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The above brief description as well as further objects, features and advantages of the methods and 
apparatus of the present invention will be more fully appreciated by reference to the following detailed description 
of presently preferred but nonetheless illustrative embodiments in accordance with the present invention when 
taken in conjunction with the accompanying drawings in which: 

FIG. I depicts a schematic of an anal vie detection system; 

FIG. 2 depicts a panicle disposed in a cavity; 

FIG. 3 depicts a sensor array; 

FIG. 4A-F depicts the formation of a Fabry-Perot cavity on the back of a sensor array; 

FIG. 5 depicts the chemical constituents of a particle; 

FIG. 6 depicts the chemical formulas of some receptor compounds; 

FIG. 7 depicts a plot of the absorbance of green light vs. concentration of calcium (Ca* z ) for a panicle 
which includes an o-cresolphthalein complexooc receptor; 

FIG. 8 depicts a schematic view of the transfer of energy from a first indicator to a second indicator in the 
presence of an analyte; 

FIG. 9 depicts a schematic of the interaction of a sugar molecule with a boronic acid based receptor. 
FIG. 10 depicts various synthetic receptors; 

FIG. 1 1 depicts a synthetic pathway for the synthesis of polylhioureas; 
FIG. 12 depicts a synthetic pathway for the synthesis of polyguanidiiiiums; 
FIG. 13 depicts a synthetic pathway for the synthesis of diamines from amino acids; 
FIG. 14 depicts fluorescent diarnino monomers; 

FIG. 1 5 depicts a plot of counts/sec. (i.e., intensity) vs. nine as the pH of a solution surrounding a particle 
coupled to o-cresolphthalein is cycled from acidic to basic conditions; 

FIG. 1 6 depicts the color responses of a variety of sensing particles to solutions of Ca* J and various pH 

levels: 

FIG. 1 7 depicts an analyte detection system which includes a sensor array disposed within a chamber. 

FIG. 1 8 depicts an integrated analyte detection system; 

FIG. 1 9 depicts a cross-sectional view of a cavity covered by a mesh cover; 

FIG. 20 depicts a top view of a cavity covered by a mesb cover; 

FIG. 21 A-G depicts a cross-sectional view of a aeries of processing steps for the formation of a sensor 
array which includes a removable top and bottom cover; 

FIG. 22A-G depicts a cross-sectional view of a series of processing steps for the formation of a sensor 
array which includes a removable top and a stationary bottom cover; 

FIG. 23 A-G depicts a cross-sectional view of a series of processing steps for the formation of a sensor 
array which includes a removable top; 

FIG. 24A-D depicts a cross- sectional view of a series of processing steps for the formation of a silicon 
based sensor array which includes a top and bottom cover with openings aligned with the cavity; 

FIG. 25A-D depicts a cross-sectional view of a series of processing steps for the formation of a photoresist 
based sensor array which includes a top and bottom cover with openings aligned with the cavity; 
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FIG. 26A-E depicts a cross -sectional view of a series of processing steps for the formation of a plastic 
based sensor amy which includes a top and bottom cover with opeoings aligned with the cavity; 

FIG. 27A-D depicts a cross-sectional view of a scries of processing steps for the formation of a silicon 
based sensor array which includes a top cover with openings aligned with the cavity and a tapered cavity; 

FIG. 28A-E depicts a cross-sectional view of a scries of processing steps for the formation of a photoresist 
based sensor array which includes a top cover with openings aligned with the cavity and a tapered cavity; 

FIG. 29A-E depicts a cross-sectional view of a series of processing steps for the formation of a photoresist 
based sensor array which includes a top cover with openings aligned with the cavity and a bottom cover; 

FIG. 30A-D depicts a cross- sectional view of a series of processing steps for the fonnatioo of a plastic 
based sensor array which includes a top covet with openings aligned with the cavity and a bottom cover; 

FIG. 3 1 depicts a cross-sectional view of a schematic of a micropump; 

FIG. 32 depicts a top view of an elecirohydrodynamic pump; 

FIG. 33 depicts a cross- sectional view of a sensor array which includes a micropump; 

FIG. 34 depicts a cross-sectional view of a sensor array which includes a nucTopump and channels which 
are coupled to the cavities; 

FIG. 35 depicts a CTOss-secrional view of a sensor array which includes multiple micropumps each 
micropump being coupled to a cavity; 

FIG. 36 depicts a top view of a sensor array which includes multiple clectrohydrodynamic pumps; 

FIG. 37 depicts a cross-sectional view of a sensor array which includes a system for delivering a reagent 
from a reagent particle to a sensing cavity. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Herein we describe a system and method for the simultaneous analysis of a fluid containing multiple 
analytes. The system may be used for either liquid or gaseous fluids. The system may generate patterns that are 
diagnostic for both individual analytes and mixtures of the analytes. The system, in some embodiments, is made of 
a combination of chemically sensitive particles, formed in an ordered array, capable of simultaneously detecting 
many different kinds of analytes rapidly. An aspect of the system is that the array may be formed using a 
micTofabrication process, thus allowing the system to be manufactured in an inexpensive manner. 

SYSTEM FOR ANALYSIS OF ANALYTES 
Shown in FIG. I is an embodiment of a system fox detecting analytes in a fluid. The system, in some 
embodiments, includes a light source 1 10. a sensor array 120 and a detector 130. The light source 1 10 may be a 
white light source or light emitting diodes (LED). In one embodiment, light source UO may be a blue light emitting 
diode (LED) for use in systems relying on changes in fluorescence signals. For colorimetric (e.g., absorbance) based 
systems, a white light source may be used The sensor array 120. in some embodiments, is formed of a supporting 
member which is configured to hold a variety of particles 124. A detecting device 130 (e.g.. a charge-coupled 
device "CCD") may be positioned below the sensor array to allow for data acquisition. In another embodiment, the 
detecting device 1 30 may be positioned above the sensor array. 
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Light originating from the light source 1 10, in some embodiments, passes through the sensor array 120 
and out through the bottom side of the sensor array. The supporting member and the panicles together, in some 
embodiments, provide an assembly whose optical properties arc well matched for spectral analyses. Thus, light 
modulated by the particles may pass through the sensor array and onto the proximally spaced detector 1 30. 
Evaluation of the optical changes may be completed by visual inspection {e.g., with a microscope) or by use of a 
microprocessor 140 coupled to the detector. For fluorescence measurements, a filter 135 may be placed between 
supporting member 1 20 and detector 1 30 to remove the excitation wavelength. A fluid delivery system 160 may be 
coupled to the supporting member. The fluid delivery system 160 may be configured lo introduce samples into and 
out of the sensor array. 

In an embodiment, the sensor array system includes an array of particles. Upon the surface and within the 
interior region of the particles are. in some embodiments, located a variety of receptors for interacring with 
anarytes. The supporting member, in some embodiments, is used to localize these panicles as well as to serve as a 
rnicroenvironment in which the chemical assays can be performed For the chemical'hiological agent sensor arrays, 
the particles used for analysis arc about 0.05 - 500 microns in diameter, and may actually change size (e.g.. swell or 
shrink) when the chemical environment changes. Typically, these changes occur when the array system is exposed 
to the fluid stream which includes the analytes. For example, a fluid stream which comprises a non-polar solvent, 
may cause non-polar particles to change in volume when the particles are exposed to the solvent To accooiraodate 
these changes, it is preferred that me supporting member consist of an array of cavities which serve as micro test- 
tubes. 

The supporting member may be made of any material capable of supporting the particles, while allowing 
the passage of the appropriate wavelength of light. The supporting member is also made of a material substantially 
30 impervious to the fluid in which the analyte is present. A variety of materials may be used including plastics, glass, 

silicon based materials (e.g., silicon, silicon dioxide, silicon nitride, etc.) and metals. In one embodiment, the 
supporting member includes a plurality of cavities. The cavibes may be formed such that at least one particle rs 
25 substantially contained within the cavity. Alternatively, a plurality of particles may be contained within a single 
35 cavity. 

In an embodiment, the supporting member may consist of a strip of plastic which is substantially 
transparent to the wavelength of tight necessary for detection. A series of cavities may be formed within the strip. 
The cavhics may be configured to hold at least one particle. The particles may be coiitained within the strip by a 
30 transparent cover which is configured lo allow passage of the analyte containing fluid into the cavities. 

40 In another embodiment, the supporting member may be formed using a silicon wafer as depicted in FIG. 2. 

The silicon wafer 210 may include a substantially transparent layer 220 formed on the bottom surface of the wafer. 
The cavities 230, in one embodiment, are formed by an anisotropic etch process of the silicon wafer. In one 
embodiment, anisotropic etching of the silicon wafer is accomplished using a wet hydroxide etch. 

45 35 Pbotolithographic techniques may be used to define the locations of the cavities. The cavities may be formed such 

that the sidcwalls of the cavities are substantially tapered at an angle of between about 50 to 60 degrees. Fonnaooo 
of such angled cavities may be accomplished by wet anisotropic etching of <100> silicon. The term "<100> 
silicon" refers to the crystal orientation of the silicon wafer. Other types of silicon, (e.g.. <1 10> and <lll> silicon) 

50 may lead to steeper angled sidewalk. For example, <1 \ \> silicon may lead to sidcwalls formed at about 90 
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degrees. The angled sides of the cavities in some embodiments, serve as "mirror layers" which may improve me 
light cotleclion efficiency of the cavities. The etch piocess may be controlled so that the formed cavities extend 
through the silicon wafer to the upper surface of transparent layer 220. While depicted as pyramidal, the cavities 
may be formed in a number of shapes including but not Limited to, spheric al, oval, cubic, or rectangular. An 
5 advantage to using a silicon wafer for the support naernbei, is that the silicon material is substantially opaque to the 
light produced from the light source. Thus, the light may be inhibited from passing from one cavity to adjacent 
cavities. In this manner, light from one cavity may be inhibited from influencing the spectroscopic changes 
produced in an adjacent cavity. 

The silicon wafer, in some embodiments, has an area of approximately ] cur to about 100 enr and 
10 includes about 10' to about 10* cavities. In an embodiment, about 100 cavities are formed in a ten by ten matrix. 
The center ro center distance between the cavities, in some embodiments, is about 500 microns. Each of the 
cavities may include at least one particle. 

The transparent layer 220 may serve as a window, allowing Light of a variety of wavelengths to pass 
through the cavities 230 and lo the detector. Additionally, the transparent layer may serve as a platform onto which 
1 5 the individual particles 235 may be positioned. The transparent layer may be formed of silicon dioxide (SiO,), 
silicon nitride (Si,N*) or silicon dioxide/silicon nitride multi-layer stacks. The transparent layer, in some 
embodiments, is deposited onto the silicon wafer prior to the formation of the cavities. 
25 jfc cavities 230 may be sized to substantially contain a particle 235. The cavities are, in some 

embodiments, larger than a particle. The cavities are, in some embodiments, sized to allow facile placement and 
20 removal of the particle within the cavities. The cavity may be substantially larger than the particle, thus allowing 
the particle to swell during use. For example, a particle may have a size as depicted in FIG. 2 by particle 235. 
30 During use, contact with a fluid (e.g., a solvent) may cause the particle to swell, for example, to a size depicted as 

circle 236. In some embodiments, the cavity is sized to allow such swelling of the particle during use. A particle 
may be positioned al the bottom of a cavity using, e.g., a micromanipulator. After a particle has been placed within 
25 the cavity, a transparent cover plate 240 may be placed on top of the surnxming member to keep the particle in 
35 place. 

When fonning an array which includes a plurality of particles, the particles may be placed in the array in 
an ordered fashion using the micromanipulator. In this manner, a ordered array having a predefined configuration 
of particles may be formed. Alternatively, the particles may be randomly placed within the cavities. The array may 
4Q 30 subsequently undergo a calibration test to determine the identity of the particle at any specified location in the 

supporting member. 

The transparent cover plate 240, in some embodiments, is coupled to the upper surface of the silicon wafer 
220 such that the particles are inhibited from becoming dislodged from the cavity. The transparent cover plate, in 
some embodiments, is positioned a fixed distance above the silicon wafer, as depicted in FIG. 2, to keep the particle 

45 

35 in place, while allowing the entrance of fluids into the cavities. The transparent cover plate, in some embodiments, 
is positioned at a distance above the substrate which is substantially less man a width of the particle. The 
transparent cover plate may be made of any material which is substantially transparent to the wavelength of light 
being utilized by the detector. The transparent cover plate may be made of plastic, glass, quartz, or silicon 

50 

dioxide/silicon nitride. 
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In one embodiment, the transparent cover plate 240, is a thin sheet of glass (e.g., a microscope slide cover 
slip). The slide may be positioned a fixed distance above the silicon wafer. Support structures 241 (See FIG. 2) 
may be placed upon the silicon wafer 210 to position the transparent cover plate 240. The support structures may 
be formed from a polymer or a silicon based material. In another enibodiment, a polymeric substrate is coupled to 
the silicon wafer to form the support structures 241 for the transparent cover plate 240. In an embodiment, a plastic 
material with an adhesive backing (e.g., cellophane tape) is positioned on the silicon wafer 210. After the support 
structures 241 are placed on the wafer the transparent cover plate 240 is placed upon the support structures. The 
support structures inhibit the transparent cover sheet from contacting the silicon wafer 200. In this manner, a 
channel is formed between the silicon wafer and the transparent cover plate which allow the fluid to pass into the 
cavity, while inhibiting displacement of the particle by the fluid*. 

In another embodiment, the transparent cover plate 240 may be fastened to the upper surface of the silicon 
wafer, as depicted in FIG. 3. In this einbodiment, the fluid may be inhibited from entering the cavities 230 by the 
transparent cover plate 240. To allow passage of the fluid into the cavities, a number of channels 250 may be 
formed in the silicon wafer. The channels, in one embodiment, are oriented to allow passage of the fluid into 
substantially all of the cavities. When contacted with the fluid, the particles may swell to a size which may plug the 
channels. To prevent this plugging, the channels may be formed near the upper portion of the cavities, as depicted 
in FIG 3. The channels, in one embodiment, are formed using standard photolithographic masking to define the 
regions where the trenches are to be formed, followed by the use of standard etching techniques. A depth of the 
cavity may be such that the particle resides substantially below the position of the channel. In this way, the 
plugging of the channels due to swelling of the particle may be prevented. 

The inner surfaces of the cavities may be coated with a material to aid the rationing of the particles 
within the cavities. In one embodiment, a thin layer of gold or silver may be used to line the inner surface of the 
cavities. The gold or silver.layer may act as an anchoring surface to anchor particles (e.g., via alkylthiol bonding). 
In addition, the gold or silver layer may also increase the reflectivity of the inner surface of the cavities. The 
increased reflectance of the surface may enhance the analyte detection sensitivity of the system. Altemauvery, 
polymer layers and self-assembled monolayers formed upon the inner surface of the cavities may be used to control 
the particle adhesion interactions. Additional chemical anchoring methods may be used for silicon surfaces such as 
those based on siloxanc type reagents, which may be attached to Si-OH functionalities. Similarly, monomelic and 
polymeric reagents attached to an interior region of the cavities can be used to alter the local wetting characteristics 
of the cavities. This type of methodology can be used to anchor the particles as well as to alter the fluid delivery 
characteristics of the cavity. Furthermore, amplification of the signals for the analytes may be accomplished with 
this type of strategy by causing preconcentratioo of appropriate analytes in the appropriate type of chemical 
environment. 

In another embodiment, the optical detector may be integrated within tbe bottom transparent layer 220 of 
the supporting member, rather than using a separate detecting device. The optical detectors may be formed using a 
semiconductor-based phctodetcctor 255. The optical detectors may be coupled to a microprocessor to allow 
evaluation of fluids without the use of separate detecting components. Additionally, the fluid delivery system may 
also be incorporated into the supporting member. Micro-pumps and micro-valves may also be incorporated into the 
silicon wafer to aid passage of the fluid through the cavities. Integration of detectors and a fluid delivery system 



10 



20 



25 



WO 00/04372 PCTAJS99/1 61 62 

5 into the supporting member may allow the formation of a compact and portable ana lyre sensing system. Optical 

filters may also be integrated into the bottom membrane of tbe cavities. These filters may prevent short wavelength 
excitation from producing "false" signals in the optical detection system (e.g., a CCD detector array) during 
fluorescence measurements. 

W 5 A sensing cavity may be formed on the bottom surface of the support substrate. An example of a sensing 

caviry that may be used is a Fabry- Perot type cavity. Fabry-Perot cavity-based sensors may be used to detect 
changes in optical path length induced by cither a change in the refractive index or a change in physical length of 
the caviry. Using rrucromachtning techniques. Fabry- Perot sensors may be formed on tbe bottom surface of the 

75 cavit y- 

10 Figures 4A-F depict a sequence of processing steps for the formation of a cavity and a planar top 

diaphragm Fabry-Perot sensor on the bottom surface of a silicon based supporting member. A sacrificial barrier 
layer 262a/b is deposited upon both sides of a silicon supporting member 260. The silicon supporting member 260 
may be a double-side polished silicon wafer having a thickness ranging from about 100 urn to about 500 urn, 
preferably from about 200 um to about 400 um, and more preferably of about 300 um. The barrier layer 262a/b 
15 may be composed of silicon dioxide, silicon nitride, or silicon oxynitride. In one embodiment, the barrier layer 

262a/b is composed of a stack of dielectric materials. As depicted in FIG 4A, the barrier layer 262 a/b b cornposcd 
of a stack of dielectric materials which includes a silicon nitride layer 271a/b and a silicon dioxide layer 272a/b. 
Both layers may be deposited using a low pressure chemical vapor deposition ("LPCVD") process. Silicon nitride 
may be deposited using an LPCVD reactor by reaction of ammonia (NH,) and dichlorosilane (SiQ : HJ at a gas 
20 flow rate of about 3.5: 1 , a temperature of about 800 GC, and a pressure of about 220 mTorr. Tbe silicon nitride 
layer 271 a/b is deposited to a thickness in the range from about 100 A to about 500 A, preferably from 200 A to 
30 about 400 A, and more preferably of about 300 A. Silicon dioxide is may be deposited using an LPCVD reactor by 

reaction of silane (SiHJ and oxygen (O,) at a gas flow rate of about 3:4, a temperamre of about 450 OC, and a 
pressure of about 110 mTorr. The silicon dioxide layer 272a/b is deposited to a thickness in the range from about 
25 3000 A to about 7000 A, preferably from 4000 A to about 6000 A, and more preferably of about 5000 A. The front 
35 face silicon dioxide layer 272a, in one ernbodimcnt, acts as the main barrier layer. Tbe underlying silicon nitride 

layer 27 la acts as an intermediate barrier layer to inhibit overctcbing of the main barrier layer during subsequent 
KOH wet anisotropic etching steps. 

A bottom diaphragm layer 264a/b is deposited upon the barrier layer 262a/b on both sides of the 
40 30 supporting membeT 260. Tbe bottom diaphragm layer 264a/b may be composed of silicon nitride, silicon dioxide, 

or silicon oxynitride. In one embodiment, the bottom diaphragm layer 264 a/b is composed of a stack of dielectric 
materials. As depicted in FIG 4A, the bottom diaphragm layer 2 64 a/b is composed of a stack of dielectric materials 
which includes a pair of silicon nitride layers 273a/b and 275a/b surrounding a silicon dioxide layer 274a/b. All of 
the layers may be deposited using an LPCVD process. The silicon nitride layers 273a/b and 275a/b have a 
35 thickness in the range from about 500 A to about 1 000 A. preferably from 700 A to about 800 A, and more 

preferably of about 750 A. Tbe silicon dioxide layer 274a/b has a thickness in the range from about 3000 A to 
about 7000 A, preferably from 4000 A to about 6000 A, and more preferably of about 4500 A. 

A cavity which will hold the particle may now be formed in the supporting member 260. The bottom 
diaphragm layer 264b and the barrier layer 262b formed on the back side 261 of the silicon supporting member 260 
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arc patterned and etched using standard photolithographic techniques. In one embodiment, the layers are subjected 
to a plasma etch piocess. The plasma etching of silicon dioxide and silicon nitride may be performed using a 
mixture of carbontetrafluoridc (CF.) and oxygen (OJ. The patterned back side layers 262b and 264b may be used 
as a mask for anisotropic etching of the silicon supporting member 260. The silicon supporting member 260, in 
one ernbodimenu is anisotropically etched with a 40% potassium hydroxide ("KOH**) solution at 80 OC to form the 
cavity. The etch is stopped when the front side silicon nitride layer 271a is reached, as depicted in FIG 4B. The 
silicon nitride layer 27 la inhibits etching of the main barrier layer 272a during this etch process. The cavity 267 
may be formed extending through the supporting member 260. After formation of the cavity, the remaining 
portions of the back side barrier layer 262b and the diaphragm layer 264b may be removed. 

Etch windows 266 are formed through the bottom diaphragm layer 264a on the front side of the wafer. A 
masking layer (not shown) is formed over the bottom diaphragm layer 264a and patterned using standard 
photolithographic techniques. Using the masking layer, etch windows 266 may be formed using a plasma etch. 
The plasma et ching of silicon dioxide and silicoo nitride may be performed using a mixture of carbontetrafluoride 
(CF 4 ) and oxygen (O,). The etching is continued through the bottom diaphragm layer 264a and partially into the 
barrier layer 262a. In one embodiment, the etching is stopped at approximately half the thickness of the barrier 
layer 262a. Thus, when the barrier layer 262a is subsequently removed the etch windows 266 will extend through 
the bottom diaphragm layer 264a. coramunicaring with the cavity 267. Dy stopping the etching at a midpoint of the 
barrier layer, voids or discontinuities may be reduced since the bottom diaphragm is still continuous due to the 
remaining barrier layer. 

After the etch windows 266 are formed, a sacrificial spacer layer 268a/b is deposited upon the bottom 
diaphragm layer 264a and within cavity 267, as depicted in FIG. 4C. The spacer layer may be formed from 
LPCVD polysilicon. In one embodiment, the front side deposited spacer layer 268a will also at least partially fill 
the etch windows 266. Polysilicon may be deposited using an LPCVD reactor using silane (SiH 4 ) at a temperature 
of about 650 DC. The spacer layer 268a/b is deposited to a thickness in the range from about 4000 A to about 
1 0,000 A, preferably from 6000 A to about 8000 A, and more preferably of about 7000 A. The preferred tmckneas 
of the spacer layer 268a is dependent on the desired thickness of the internal air cavity of the Fabry-Pcrot detector. 
For example, if a Fabry-Perot detector which is to include a 7000 A air cavity between the top and bottom 
diaphragm layer is desired, a spacer layer having a thickness of about 7000 A would be formed. After the spacer 
layer has been deposited, a masking layer for etching the spacer layer 268a (not shown) is used to define the ctcb 
regions of the spacer layer 268a. The etching may be performed using a composition of nitric acid (HNO,), water, 
and hydrogen fluoride (HF) in a ratio of 25:13: 1. respectively, by volume. The lateral size of the subsequently 
formed cavity is determined by tie masking pattern used to define the etch regions of the spacer layer 268a. 

After the spacer layer 268a has been etched, the top diaphragm layer 270a/b rs formed. The top diaphragm 
270a/b, in one embodiment, is deposited upon the spacer layer 268a/b on both sides of the supporting member. The 
lop diaphragm 270a/b may be composed of silicon nitride, silicon dioxide, or silicon oxynitride. In one 
embodiment, the top diaphragm 270a/b is composed of a suck of dielectric materials. As depicted in FIG. 4C. the 
top diaphragm 270a/b is composed of a stack of dielectric materials which includes a pair of silicon nitride layers 
283a/b and 285a/b sunounding a silicon dioxide layer 284a/b. All of the layers may be deposited using an LPCVD 
process. The silicon nitride layers 283a/b and 285a/b have a thickness in the range from about 1000 A to about 
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5 2000 A, preferably from 1200 A to about 1700 A, and more preferably of about 1500 A. The silicon dioxide layer 

284a/b has a thickness in the range from about 5000 A to about 15,500 A, preferably from 7500 A to about 12,000 
A, and more preferably of about 10»500 A. 

After depositing the top diaphragm 270a/b, all of the layers stacked on the bonom face of the supporting 
1 q 5 member (e.g., layers 268b, 283b, 284b, and 285b) arc removed by multiple wet and plasma etching steps, as 

depicted in FIG. 4 D. After these layers are removed, the now exposed portions of the barrier layer 262a are also 
removed. This exposes the spacer layer 268a which is present in the etch windows 266. The spacer layer 268 may 
be removed from between the top diaphragm 270a and the bottom diaphragm 264a by a wet etch using a KOH 
15 solution, as depicted in FIG. 4D. Removal nf the spacer material 268a, forms a cavity 286 between the top 

10 diaphragm layer 270a and the bonom diaphragm layer 264a. After removal of the spacer material, the cavity 286 
may he washed using dcionized water, followed by isopropyl akobol to clean out any remaining etching solution. 

Tbe cavity 286 of the Fabry-Petot sensor may be filled with a sensing substrate 290, as depicted in FIG. 
4E. To coat the cavity 286 with a sensing substrate 290, the sensing substrate may be dissolved in a solvent. A 
solution of the sensing substrate is applied to the supporting member 260. The solution is believed to rapidly enter 
1 5 the cavity 286 through the etched windows 266 in the bonom diaphragm 264a, aided in part by capillary action. As 
the solvent evaporates, a thin film of the sensing substrate 290 coats the inner walls of the cavity 286, as well as tie 
outer surface of the bottom diaphragm 264a. By repeated treatment of the supporting member with tbe solution of 
tbe sensing substrate, the thickness of the sensing substrate may be varied. 

In one embodiment, the sensing substrate 290 is r^ly(3.dodecyhhiopherte) whose optical properties 
20 change in response to changes in oxidation states. The sensing substrate rx>ly(3-dodecyrtiuophene) may be 

dissolved in a solvent such as chloroform or xylene. In one embodiment, a concentration of about 0. 1 g of poly(3- 
30 dodecylthiopheneyraL is used. Application of the solution of polv(3-dodecyluuophcne) to the supporting member 

causes a thin film of poly(3-dodecylthiophene) to be formed on the inner surface of the cavity. 

In some instances, the sensing substrate, when deposited within a cavity of a Fabry-Pcrot type detector, 
25 may cause stress in the top diaphragm of the detector. It is believed that when a sensing polymer coats a planar top 
35 diaphragm, extra residual stress on the top diaphragm causes the diaphragm to become deflected toward tbe bottom 

diaphragm. If the deflection becomes to severe, sticking between the top and bottom diaphragms may occur. In 
one embodiment, this stress may be relieved by the use of supporting members 292 formed within the cavity 286, 
as depicted in FIG. 4F. The supporting members 292 may be formed without any extra processing steps to the 
40 30 above described process flow. The formation of supporting members may be accorrmushed by delitjeretery leaving 

a portion of the spacer layer within the cavity. This may be accomplished by underetebing the spacer layer (e.g., 
terrrrinating the etch process before tbe entire etch process is fimsbed). The remaining spacer will behave as a 
support member to reduce the deflection of the top diaphragm member. The size and shape of the support members 
may be adjusted by altering the etch time of the spacer layer, or adjusting the shape of tbe etch windows 266. 
35 la another embodiment, a high sensitivity CCD array may be used to measure changes in optical 

characteristics which occur upon binding of the biological/chemical agents. The CCD arrays may be interfaced 
with filters, light sources, fluid delivery and rnicrornachined particle receptacles, so as to create a functional sensor 
array. Data acquisirion and handling may be performed with existing CCD technology. Data streams (e.g.. red, 
50 green, blue for colorimetric assays; gray intensiry for fluorescence assays) may be transferred from the CCD to a 
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^ computer via a data acquisition board. Current CCDs may allow for read- out rates of 10* pixcis per second. Thus, 

the entire array of particles may be evaluated hundreds of times per second allowing for studies of the dynamics of 
the various host-guest interaction rates as wciJ as the analyte/polymer difrusional characteristics. Evaluation of this 
data may offer a method of identifying and quantifying the chemical/biological composition of the test samples. 

10 5 CCD detectors may be configured to measure while light, ultraviolet light or fluorescence. Other detectors such as 

photomultiplier tubes, charge induction devices, photodiode, photodiode arrays, and rnicrocbannel plates may also 
be used. It should be understood that while the deiectot is depicted as being positioned under the supporting 
member, the detector may also be positioned above the supporting member. It should also be understood that the 

75 detector typically includes a sensing clement for detecting the spectroscopic events and a component for displaying 

10 the detected events. The display component may be physically separated from the sensing element The sensing 
element may be positioned above or below the sensor array while the display component is positioned close to a 
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In one embodiment, a CCD detector may be used to record color changes of the chemical sensitive 
particles during analysis. As depicted in FIG. 1, a CCD detector 130 may be placed beneath the supporting 
15 member 120. The light transmitted through the cavities is captured and analyzed by the CCD detector. In one 

embodiment, the light is broken down into three color components, red, green and blue. To simplify the data, each 
color is recorded using 8 bits of data. Thus, the data for each of the colors will appear as a value between 0 and 
255. The color of each chemical sensitive element may be represented as a red, blue and green value. For 
example, a blank particle (Le., a particle which docs not include a receptor) will typically appear white. For 
20 example, when broken down into the red, green and blue components, it is found that a typical blank particle 

exhibits a red value of about 253, a green value of about 250, and a blue value of about 222. litis signifies that a 
30 blank particle does not significantly absorb red, green or blue light. When a particle with a receptor is scanned, the 

particle may exhibit a color change, due to absorbance by the receptor. For example, it was found that when a 
particle which includes a 5-carboxyfluorescein receptor is subjected to while light, the particle shows a strong 
25 absorbance of blue light. The CCD detector values for the 5-carboxyfluorescein panicle exhibits a red value of 
35 about 254, a green value of about 2 1 8, and a blue vaiue of about 5 7. The decrease in oansmircmce of blue light is 

believed to be due to the absorbance of bhie light by the 5-carboxyfluorescein. In this manner, the color changes of 
a particle may be quantitatively characterized An advantage of using a CCD detector to monitor the coIot changes 
a that color changes which may not be noticeable to the human eye may now be detected. 
4Q 30 The support amy may be configured to allow a variety of detection modes to be practiced. In one 

embodiment, a light source is used to generate light which is directed toward the particles. The particles may 
absorb a portion of the light as the light illuminates the particles. The light then reaches the detector, reduced in 
intensity by the absorbance of the particles. The detector may be configure to measure the reduction in light 
intensity (Le., the absorbance) due to the particles. In another embodiment, the detector may be placed above the 

45 

35 supporting member. The detector may be configured to measure the amount of light reflected off of the particles. 
The absorbance of light by the particles is manifested by a reduction in the amount of light being reflected from the 
cavity. The light source in either embodiment may be a white light source or a fluorescent light source. 
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CHEMICALLY SENSITIVE PARTICLES 
A particle, in some embodiments, possess both the ability to bind the analyte of interest and to create a 
modulated signal. The particle may include receptor molecules which posses the ability to bind the analyte of 
interest and to create a modulated signal. Alternatively, the particle may induce receptor molecules and indicators. 
The receptor molecule may posses the ability to bind to an analyte o f interest. Upon binding the analyte of 
interest, the receptor molecule may cause the indicator molecule to produce the modulated signal. The receptor 
molecules may be naturally occurring or synthetic receptors formed by rational design or combinatorial methods. 
Some examples of natural receptors include, but are not limited to, DNA, RNA, proteins, enzymes, oligopeptides, 
antigens, and antibodies. Either natural or synthetic receptois may be chosen for their ability to bind to the analyte 
molecules in a specific manner. The forces which drive associarion/recognition between molecules include the 
hydrophobic effect, anion-carion attraction, and bydrogeo bonding. The relative strengths of these forces depend 
upon factors such as the solvent dielectric properties, the shape of the host molecule, and how it complements the 
guest. Upon host-guest association, attractive interactions occur and the molecules stick together. The most widely 
used analogy for this chemical interaction is that of a "lock and key". The fit of the key molecule (the guest) into 
the lock (the host) is a molecular recognition event. 

A naturally occurring or synthetic receptor may be bound to a polymeric resin in order to create the 
particle. The polymeric resin may be made from a variety of polymers including, but not limited to, agarous, 
dextrose, acrylamide. control pore glass beads. polystyrene-polyethylene glycol resin, polystyrene-divinyl benzene 
resin, formylpolystyrene resin, rrityl-porystyrene resin, acetyl polystyrene resin, chloroacetyl polystyrene resin, 
ainmomethyl porystyrcne-divinylbenzene resin, carboxypolystyrene resin, chtoromethylated polystyrene- 
divtnylbenzene resin, hydioxymetbyl polys tyrrne-divinylbenzene resin, 2-chlorotrityl chloride polystyrene resin, 4- 
bcozyloxy-2'4'- dimethoxybenzhydrol resin (Rink Acid resin), triphenyl methanol polystyrene resin, 
diphenylmethanol resin, bcnzhydrol resin, succinimidyl carbonate resin, p-nitrophenyl carbonate resin, imidazole 
carbonate resin, pcJyacrylaraide resin. 4-sulfamyIbenzoyl-4'- rnemylrxrizhydJ7laminc-resm (Safety-catch resin). 2. 
arnino-2-(2 , .nitrophenyl) propionic arid-aminornethyl resin (ANP Resin), p-benzyloxybenzyl alcohol- 
divinylbcrrzene resin (Wang resin), p-rrjcmylbcnzhydrylamme-div^ resin (MBHA resin), Fmoc-2.4- 

dinaethoxy-4Wcarboxyrne^ linked to resin (Knorr resin), 4^2\4^Duriemoxypnenyl-Frnoc- 

anmiornethyl)>pbenoxy resin (Rink resin), 4-hydroxymethyl-benzoyl-4'. rncrhylbciizbyo^laniine resin (HMBA- 
MBHA Resin), p-ni&obenzophenone oxime reiin (ICaiier oxime resin), and an^iIlo-2,4Miimeuloxy-4 , - 
(carboxyrrxmyloxyVbenzhydrylanunc handle linked to 2-chlorotrityl resin (Knorr-2-chlorotntyl resin). In one 
embodiment, the material used to form the polymeric resin is compatible with the solvent in which the analyte is 
dissolved. For example, polystyrene-divinyl benzene resin will swell within non-polar solvents, but does not 
significantly swell within polar solvents. Thus, polystyrene-divinyl benzene resin may be used for the analysis of 
onarytes within non-polar solvents. Alternatively, polystyrene-polyethylene glycol resin will swell with polar 
solvents such as water. Polystyrene-polyethylene glycol resin may be useful for the analysis of aqueous fluids. 

In one embodiment, a polystyrene-polyethylene glycol-divinyl benzene material is used to form the 
polymeric resin. The polystyrene-polyethylene glycol-divinyl benzene resin is formed from a mixture of 
polystyrene 375. divinyl benzene 380 and polystyrene-polyethylene glycol 385, see FIG. 5. The polyethylene 
glycol portion of the poIysryTene-polyethylcDe glycol 385. in one embodiment, may be terminated with an amine. 
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5 The amine serves as a chemical handle to anchor both receptors and indicator dyes. Other chemical functional 

groups may be positioned at the tcxmmal end of the polyethylene glycol to allow appropriate coupling of the 
polymeric resin to the receptor molecules or indicators. 

The chemically sensitive particle, in one embodiment, is capable of both binding the analyte(s) of interest 
10 5 and creating a detectable signal In one enibodiment, the particle will create an optical signal when bound to an 

analyte of interest. The use of such a polymeric bound receptors offers advantages both in terms of cost and 
configurability. Instead of having to synthesize or attach a receptor directly to a supporting member, the polymeric 
bound receptors may be synthesized en masse and distributed to multiple different supporting members. This 
15 allows the cost of the sensor array, a major hurdle to the development of mass-produced environmental probes and 

10 medical diagnostics, to be reduced Additionally, sensor arrays which incorporate polymeric bound receptors may 
be reconfigured much more quickly than amy systems in which the receptor is attached directly tot he supporting 
member. For example, if a new variant of a pathogen or a pathogen that cor tains a genetically engineered protein 
is a threat, then a new sensor array system may be readily created to detect these modified analytes by simply 
adding new sensor elements (e.g., polymeric bound receptors) to a previously formed supporting member. 
15 In one embodiment, a receptor, which is sensitive to changes in the pH of a fluid sample is bound to a 

polymeric resin to create a particle. That is, the receptor is sensitive to the concentration of hydrogen cations (H*). 
The receptor in this case is typically sensitive to the concentration of FT in a fluid solution. The analyte of interest 
may therefore be H\ There are many types of molecules which undergo a color change when the pH of the fluid is 
changed. For example, many types of dyes undergo significant color changes as the pH of the fluid medium is 
20 altered. Examples of receptors which may be used to monitor the pH of a fluid sample include 5- 

carboxyfVuorescein and alizarin complex ouc. depicted in FIG. 6. Each of these receptors undergoes significant 
30 color changes as the pH of the fluid is altered. 5-caiboxvfhiorescem undergoes a change from yellow to orange as 

the pH of the fluid is increased. Alizarin complexone undergoes two color changes, first from yellow to red, then 
from red to blue as the pH of the fluid increases. By monitoring the change in color caused by dyes attached to a 
25 polymeric particle, the pH of a solution may be qualitatively and, with the use of a detector (e.g., a CCD detector), 
35 quantitatively monitored. 

In another embodiment, a receptor which is sensitive to presence of metal cations is bound to a polymeric 
particle to create a panicle. The receptor in this case is typically sensitive to the concentration of one or more metal 
cations present in a fluid solution. In general, colored molecules which will bind canons may be used to determine 
40 30 the presence of a metal cation in a fluid sohirion. Examples of receptors which may be used to monitor the 

presence of cations in a fluid sample include alizarin complexone and o-cresorphthalcin complexone, ace FIG. 6. 
Each of these receptori undergoes significant color changes as the concentration of a specific metal ion in the fluid 
is altered. Alizarin complexone is particularly sensitive to lanthanum ions. In the absence of lanthanum, alizarin 
complexone will exhibit a yellow color. As the concentration of lanthanum is increased, alizarin complexone wiU 
35 change to a red color. c-Oesohahthalein complexone is particularly sensitive to calcium ions. In the absence of 

calcium, o-cresolphthalein complexone is colorless. As the concentration of calcium is increased, o-cresolphthalcin 
complexone will change to a blue color. By monitoring the change in color of metal cation sensitive receptors 
attached to a polymeric particle, the presence of a specific metal ion may be qualitatively and, with the use of a 
detector (e.g., a CCD detector), quantitatively monitored. 
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5 Referring lo FIG. 7, a graph of ibe absorbance of green light vs. concentration of calchim (Ca* 2 ) is 

depicted for a particle which includes an t>-cresorphthalein complexone receptor. As the concentration of calcium 
is increased, the absorbance of green light increases in a linear manner up to a concentration of about 0.0006 M. A 
concentration of 0.0006 M is the solubility limit of calcium in the fluid, thus no significant change in absorbance is 
10 5 noted after this point. The linear relationship between concentration and absorbance allows the concentration of 

calcium to be determined by measuring the absorbance of the fluid sample. 

In one embodiment, a detectable signal may be caused by the altering of the physical properties of an 
indicator ligand bound to the receptor or the polymeric resin. In one embodiment, two different indicators are 
f 5 attached to a receptor or the polymeric resin. When an analyte is captured by the receptor, the physical distance 

1 0 between the two indicators may be altered such that a change in the spectroscopic properties of the indicators is 
produced. A variety of fluorescent and phosphorescent indicators may be used for this sensing scheme. This 
process, known as roister energy transfer, is extremely sensitive to small changes in ihe distance between the 
indicator molecules. 

For example, a first fluorescent indicator 320 (e.g., a fluorescein derivative) and a second fluorescent 
1 5 indictor 330 <c.g., a rhodamme derivative) may be attached to a receptor 300, as depicted in FIG. 8. When no 
analyte is present short wavelength excitation 310 may excite the first fluorescent indicator 320, which fluoresces 
as indicated by 3 12. The short wavelength excitation, however, may cause little or no fluorescence of the second 
fluorescent indicator 330. After binding of analyte 350 to the receptor, a structural change in the receptoT molecule 
may bring the first and second fluorescent indicators closer to each other. This change in intermoleculai distance 
20 may allow the excited first indicator 320 to transfer a portion of its fluorescent energy 325 to the second fluorescent 
indicator 330. This transfer in energy may be measured by either a drop in energy of the fluorescence of the first 
indicator molecule 320, or the detection of increased fluorescence 314 by the second indicator molecule 330. 

Alternatively, the first and second fluorescent indicators may initially be positioned such that short 
wavelength excitation, may cause fluorescence of both the first and second fluorescent indicators, as described 
25 above. After binding of analyte 350 to the receptor, a structural change in the receptor molecule may cause the first 
35 and second fluorescent indicators to move further apart. This change in mterTnolecular distance may inhibit the 

transfer of fluorescent energy from the first indicator 320 to the second fluorescent indicator 330. This change in 
the transfer of energy may be measured by either a drop in energy of the fluorescence of the second indicator 
molecule 330, or the detection of increased fluorescence by the first indicator molecule 320. 
40 30 In another embodiment, an indicator ligand may be preloaded onto the receptor. An analyte may then 

displace the indicator ligand to produce a change in the spectroscopic properties of the particles. In this case, the 
initial background absorbance is relatively large and decreases when the analyte is present The indicator ligand, in 
one embodiment, has a variety of spectroscopic properties which may be measured. These spectroscopic properties 
include, but are not limited to, ultraviolet absorption, visible absorption, infrared absorption, fluorescence, and 

45 

35 magnetic resonance. In one embodiment, the indicator is a dye having either a strong fluorescence, a strong 
ultraviolet absorption, a strong visible absorption, or a combination of these physical properties. Examples of 
indicators include, but arc not limited to, carboxy fluoresce in, cthidiurn bromide, 7-dimeuiyUinino-4- 
rnethylcournarin, 7-dielhylamwo^-mewykoumarin, eosin, erythrosin, fluorescein, Oregon Green 488, pyrene, 

50 

Rhcdamme Red, tctramcthylrhodamine, Texas Red, Methyl Violet, Crystal Violet, Ethyl Violet, Malachite green. 
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5 Methyl Green, Alizarin Red S, Methyl Red, Neutral Red, o^resobulfonephiJialera, o^resolphthalein, 

phenolpblhatem, Acridinc Orange, fl-napbthol. coumarin, and a-oaphthJonic acid. When the indicator is mixed 
with the receptor, the receptor and indicator interact with each other such that the above mentioned spectroscopic 
properties of the indicator, as well as other spectroscopic properties may be altered. The nature of this interaction 
10 5 may be a binding interaction, wbCTcin the indicator and receptor arc attracted to each other with a sufficient force to 

allow die newry formed receptor-indicator complex to function as a single unit. The binding of the indicator and 
receptor to each other may take the form of a covaknt bond, an ionic bond, a hydrogen bond, a van deT Waals 
interaction, or a combination of these bonds. 

The indicator may be chosen such that the binding strength of the indicator to the receptor is less than the 
1 0 binding strength of the analyle to the receptor. Thus, in the presence of an analyte, the binding of the indicator with 
the receptor may be disrupted, releasing the indicator from the receptor. When released, the physical properties of 
the indicator may be altered from those it exhibited when bound to the receptor. The indicator may revert back to 
its original structure, thus regaining its original physical properties. For example, if a fluorescent indicator is 
attached to a particle that includes a receptor, the fluorescence of the panicle may be strong before treatment with 
15 an anaJytc containing fluid. When the analyte interacts with the particle, the fluorescent indicator may be released. 
Release of the indicator may cause a decrease in the fluorescence of the particle, since the particle now has less 
indicator molecules associated with it. 

An example of this type of system is illustrated by the use of a boronic acid substituted resin 505 as a 
particle. Prior to testing, the boronic acid substituted resin 505 is treated with a sugar 510 which is lagged with an 
20 indicator (e.g., resorufin) as depicted in FIG. 9. The sugar 510 binds to the boronic acid receptor 500 imparting a 
color change to the boronic substituted resin 505 (yellow fox the resorufin tagged sugar). When the boronic acid 
30 resin 505 is treated with a fluid sample which includes a sugar 520, the tagged sugar 5 10 may be displaced, causing 

a decrease in the amount of color produced by the boronic acid substituted resin 505. This decrease may be 
qualitatively or, with Ihc use of a detector (e.g.. a CCD detector), quantitatively monitored. 
25 In another embodiment, a designed synthetic receptor may be used. In one embodiment, a poiycarboxylic 

35 acid receptor may be attached to a polymeric resin. The poiycarboxylic receptors are discussed in U.S. patent 

application serial no. 08/950,712 which is incorporated herein by reference. 

In an embodiment, the analyte molecules in the fluid may be pretreated with an indicator ligand. 
Pre treatment may involve covalent attachment of an indicator ligand to the analyte molecule. After the indicator 
40 30 has been attached to the analyte, the fluid may be passed over the sensing particles. Interaction of me receptors on 

the sensing particles with the analytcs may remove the anar/tes from the solution. Since the analyte s include an 
indicator, the spectroscopic properties of the indicator may be passed onto the particle. By analyzing the physical 
properties of the sensing particles after passage of an analyte stream, the presence and concentration of an analyte 
may be determined. 

45 

35 For example, the anah/tes within a fluid may be derivatized with a fluorescent tag before introducing the 

stream to the particles. As analyte molecules arc adsorbed by the particles, the fluorescence of the particles may 
increase. The presence of a fluorescent signal may be used to determine the presence of a specific analyte. 
Additionally, the strength of the fluorescence may be used to determine the amount of analyte within the stream. 
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RECEPTORS 

A variety of natural and synthetic receptors may be used. The synthetic receptors may come from a 
variety of classes including, but not limited to. polynucleotides (e.g., aptamers), peptides (e.g., enzymes and 
antibodies), synthetic receptors, polymeric unnatural biopolymers (e.g., polythioureas, polyguanidiniurns), and 
5 imprinted polymers., some of which arc generally depicted in FIG. 1 0. Natural based synthetic receptors include 
receptors which are structurally similar to naturally occurring molecules. Polynucleotides are relatively small 
fragments of DNA which may be derived by sequentially building the DNA sequence. Peptides may be 
synthesized from amino acids. Unnatural biopolymers are chemical structure which arc based on natural 
biopoh/mers, but which are built from unnatural linking units. Unnatural biopolymers such as polythioureas and 
1 0 polyguanidiniurns may be synthesized from diamines (i.e., compounds which include at least two amine Functional 
groups). These molecules are structurally similar to naturally occurring receptors, (e.g., peptides). Some diamines 
may. in turn, be synthesized from amino acids. The use of amino acids as the building blocks for these compounds 
allow a wide variety of molecular recognition units to be devised. For example, the twenty natural amino acids 
have side chains that possess hydrophobic residues, cationic and anionic residues, as well as hydrogen bonding 
1 5 groups. These side chains may provide a good chemical match to bind a large number of targets, from small 

molecules to large oligosaccharides. Amino acid based peptides, polythioureas, and polyguanidiniurns are depicted 
in FIG. 10. 

25 Techniques for the building of DNA fragments and polypeptide fragments on a polymer particle are well 

known. Techniques for the immobilization of naturally occurring antibodies and enzymes on a polymeric resin are 
20 also well known. The synthesis of polythioureas upon a resin particle may be accomplished by the synthetic 

pathway depicted in FIG. 1 1. The procedure may begin by deprotection of the terminal tBoc protecting group on 
30 an amino acid coupled to a polymeric particle. Removal of the protecting group is followed by coupling of the 

rigid spacer 4 10 to the resulting amine 405 using diisopropylcarbodiimide (DIQ and I •hvdroxybenzorriazole 
hydrate (HOBT). The spacer group may inhibit formation of a thiazolone by reaction of the fust amino acids with 
25 subsequently formed thioureas. After the spacer group is coupled to the amino acid, another tBoc deprotection is 
35 performed to remove the spacer protecting group, giving the amine 415. At this point, monomer may be added 

incremenrally to the growing chain, each time followed by a tBoc deprotection. The addition of a derivative of the 
diamine 420 (e.g., an isolhiocyanate) to amine 41 5 gives the mono-thiourea 425. The addition of a second thiourea 
suhsntuent is also depicted. After the addition of the desired number of monomers, a solution of 
30 rjenzylisothiocyanate or acetic anhydride may be added to cap any remaining amines on the growing oligomers. 
Between 1 to 20 thioureas groups may be formed to produce a synthetic porytbiourca receptor. 

The synthesis of polyguantdmiums may be accomplished as depicted in FIG. 12. In order to incorporate 
these guantdiruum groups into the reccpior, the coupling of a thiourea with a terminal amine in the presence of 
Mukaiyama's reagent may be utilized. The coupling of the first thiourea diamine 430 with an amino group of a 
4 D 35 polymeric particle gives the mono-guanidinrum 434. Coupling of the lesuhing rronc^guanidiniurn with a second 

thiourea diamine 436 gives a di-guanidinium 438. Further coupling may create a tri-gnanidinium 440. Between I 
to 20 guanidinium groups may be formed to produce a synthetic polyguanioSnium receptor. 

The above described methods for making polythioureas and polyguanidiniurns are based on the 
50 incorporation of diamines (i.e., molecules which include at least two amine functional groups) into the oligomcric 
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receptor. The method may be genera! for any compound having at least two amino groups. In one embodiment, 
the diamine may be derived from amino acids. A method foi forming diamines from amino acids is shown in FIG. 
1 3. Treatment of a protected amino acid 450 with borane-THF reduces the carboxylk acid portion of the amino 
acid to the primary alcohol 452. The primary aJcoho! is treated with phtbalimide under Mitsunobu conditions 
(PPh,/DEAD). The resulting compound 454 is treated with aqueous mcthylamine to form the desired 
monoprotrcted (diamine 456. The process may be accomplished such that the enantiomeric purity of the starting 
amino acid is maintained. Any natural or synthetic amino acid may be used in the above described method. 

The three coupling strategies used to form the respective functional groups may be completely compatible 
with each other. The capability to mix linking groups (amides, thioureas, and guamdmiums) as well as the side 
chains (hydrophobic, cationic, anionic, and hydrogen bonding) may allow the creation of a diversity in the 
oligomers that is beyond the diversity of receptors typically found with natural biological receptors. Thus, we may 
produce ultra- sensitive and ultra- selective receptors which exhibit interactions for specific toxins, bacteria, and 
environmental chemicals. AdditionaJly. these synthetic schemes may be used to build combinatorial libraries of 
particles for use in the sensor array. 

In an embodiment, the indicator ligand may be incorporated into synthetic receptors during the synthesis 
of the receptors. The ligand may be incorporated into a monomeric unit, such as a diamine, that is used during the 
synthesis of the receptor. In this manner, the indicator may be covalently attached to the receptor in a controlled 
position. By placing the indicator within the receptor during the synthesis of the receptor, the positioning of the 
indicator ligand within the receptor may be controlled. This control may be difficult to achieve after synthesis of 
the receptor is completed. 

In one embodiment, a fluorescent group may be incorporated into a diamine monomer for use in the 
synthetic sequences. Examples of monomeric units which may be used for the synthesis of a receptor are depicted 
in FIG. 14. The depicted monomers include fluorescent indicator groups. After synthesis, the interaction of the 
receptor with the anaryte may induce changes in the spectroscopic properties of the molecule. Typically, hydrogen 
heeding or ionic subsritucnts on the fluorescent monomer involved in anaryte binding have the capacity to change 
the electron density and/or rigidity of the fluorescent ring system, thereby causing observable changes in the 
spectroscopic properties of the indicator. For fluorescent indicators such changes may be exhibited as changes in 
the fluorescence quantum yield, maximum excitation wavelength, and/or maximum emission wavelength. This 
approach does not require the dissociation of a preloaded fluorescent ligand, which may be limited in response rime 
by k^. While fluorescent ligands are shown here, it is to be understood that a variety of other ligand may be used 
including colorimerxic ligands. 

In another embodiment, two fluorescent monomers for signaling may be used for the synthesis of the 
receptor. For example, compound 470 (a derivative of fluorescein) and compound 475 (a derivative of rhodarrrinc), 
depicted in FIG. 14, may both be incorporated into a synthetic receptor. Compound 470 contains a common 
colorimetric/fluoresccnt probe that will, in some embodiments, send out a modulated signal upon anaJyte bmdmg. 
The modulation may be due to resonance energy transfer to compound 475. When an anaryte binds to the receptor, 
structural changes in the receptor may alter the distance between monomeric units 470 and 475. It is well known 
that excitation of fluorescein can result in emission from rhodamine when these molecules are oriented correctly. 
The efficiency of resonance energy transfer from monomers 470 to 475 will depend strongly upon the presence of 
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5 analyte binding; thus, measurement of rhodannne fluorescence intensity (at a substantially longer wavelength than 

fluorescein fluorescence) may serve as an indicator of analyte binding. To greatly improve the likelihood of a 
modulatory fluorescein-rbo<fcinTinc interaction, multiple rhwiamine tags may be attached at different sites along a 
receptor molecule without substantially increasing background rhodamine fluorescence (only rhodammc very close 

1 0 5 to fluorescein will yield appreciable signal). This methodology may be applied to i number of alternate fluorescent 

pairs. 

In an embodiment, a large number of chemical/biological agents of interest to the military and civilian 
communities may be sensed readily by the described array sensors including both small and medium siie 
molecules. For example, it is known that nerve gases typically produce phosphate structures upon hydrolysis in 
water. The presence of molecules which contain phosphate functional groups may be detected using 
polyguanidiniums. Nerve gases which have contaminated water sources may be detected by the use of the 
polyguanidinhim receptors described above. 

In order to identify, sense, and quantitate the presence of various bacteria using the proposed micro- 
nuchined sensor, two strategies may be used. First, small molecule recognition and detection may be exploited. 
1 5 Since each bacteria possesses a unique and distinctive concentration of the various cellular molecules, such as 
DNA, proteins, metabolites, and sugars, the fingerprint (i.e., the concentration and types of DNA, proteins, 
metabolites, end sugars) of each organism is expected to be unique. Hence, the analytes obtained from whole 
25 bacteria or broken down bacteria may be used to tetermine the presence of specific bacteria. A series of receptors 

specific for DNA molecules, proteins, metabolites, and sugars may be incorporated into an array. A solution 
20 containing bacteria, or more preferably broken down bacteria, may be passed over the array of particles. The 
individual cellular components of the bacteria may interact in a different manner with each of the particles. This 
30 uiteracrion will provide a pattern within the array which may be unique for the individual bacteria. In this manner, 

the presence of bacteria within a fluid may be taermined. 

In another embodiment, bacteria may be detected as whole entities, as found in ground water, aerosols, or 
25 blood. To detect, sense, and identify intact bacteria, the cell surface of one bacteria may be difTcrenriated from 

other bacteria. One method of accomplishing this differentiation is to target cell surface oligosaccharides (i.e. sugar 
residues). Each bacterial class (gram negative, gram positive, etc.) displays a different oligosaccharide on their cell 
surfaces. The oligosaccharide, which is the code that is read by other cells giving an identification of the cell, is 
part of the cell-cell recognition and communication process. The use of synthetic receptors which arc specific for 
ongosaccharides may be used to dcterrnine the presence of specific bacteria by analyzing for the cell surface 
oligosaccharides. 

In another embodiment, the sensor array may be used to optimize which receptor molecules should be 
used for a specific analyte. An array of receptors may be placed within the cavities of the supporting member and a 
stream containing an analyte may be passed over the array. The reaction of each portion of the sensing array to the 
35 known analyte may be analyzed and the optimal receptor oetcrmincd by determining which particle, and therefore 
which receptor, exhibits the strongest reaction toward die analyte. In this manner, a large number of potential 
receptors may be rapidly scanned The optimal receptor may then be incorporated into a system used for the 
detection of the specific analyte b a mixture of analytes. 
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It should be emphasized that although some panicles may be purposefully designed to bind to important 
species (biological agents, toxins, nerve gasses. etc.), most structures will possess nonspecific receptor groups. One 
of the advantages associated with the proposed sensor array b the capacity to sunWize each array of particles via 
exposure to various analytes, followed by storage of the patterns which arise from interaction of the analytes with 
5 the particles. Therefore, there may not be a need to know the identity of the actual receptor on each particle. Only 
• - - • - the characteristic pattern for each array of particles is important. In fact, for many applications it may be less time 

consuming to place the various particles into their respective holders without taking precautions to characterize the 
location associated with the specific particles. When used in this manner, each individual sensor array may require 
15 standardization for the type of analyte to be studied. 

10 On-site calibration for new or unknown toxins may also be possible with this type of array. Upon 

complexation of an analyte, the local microeDVtronmcm of each indicator may change, resulting m a modulation of 
the light absorption and/or emission properties. The use of standard pattern recognition algorithms completed on a 
corrrputer platform may serves as the intelligence factor for the analysis. The -fingerprint" like response evoked 
from the simultaneous interactions occurring at multiple sites within the substrate may be used to identify the 
1 5 species present in unknown samples. 

The above described sensor amy system offers a number of distinct advantages over exiting technologies. 
One advantage is that "real time" detection of analytes may be performed. Another advantage is that the 
simultaneous detection of multiple analytes may be realized. Yet another advantage is that the sensor array system 
allows the use of synthetic reagents as weU as biologically produced reagents. Synthetic reagents typically have 
20 superior sensitivity and specificity toward analytes when compared to the biological reagents. Yet another 
advantage is that the sensor array system may be readily modified by simply changing the particles which are 
placed within the sensor array. This interchangability may also reduce production costs. 



20 



25 



30 



EXAMPLES 

25 1 , The detennination of pH using a chemically sensitive particle. 

35 Shown in FIG. 1 5 is the magnitude of the optical signal trar*miticd through a single polymer particle 

derivatized with c-cresolphthalein. Here, a filter is used to focus the analysis on those wavelengths which the dye 
absorbs most strongly (i.e., about 550 nm). Data is provided for the particle as the pH is cycled between acid and 
basic environments. In acidic media (i.e.. attimesof 1 00- 150 seconds and 180-210 seconds), the particle is dear 

40 30 and the system yields large signals (up to greater than 300,000 counts) at the optical detectot. Between times of 0- 

100 and 150- 1 80 seconds, the solution was made basic. Upon raising the pH (i.e., rnaking the solution more basic), 
the particle turns purple in color and the transmitted green light is greatly diminished Large signal reductions are 
recorded under such circumstances. The evolution D f the signal changes show that the response time is quite rapid, 

45 on the order of 10 seconds. Furthermore, the behavior is highly reproducible. 
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2. The simultaneous detection of Ca* 1 . Cc*\ an d pH by a sensor amy system. . 

The synthesis of four different particles was accomplished by coupling a variety of indictor ligands to a 
polyethylene glycol-polystyrene ('TEG-PS*') resin particle. The PEG-PS resin particles were obtained from 
Novabiochem Corp., La Jolla, Ca. The particles have an average diameter of about 130 urn when dry and about 
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5 250 um when wei. The indicator ligands of fluorescein, o-cresorphthalcin complexooe, and alizarin complexone 

were each attached to PEG-PS resin particles using a wcyclohexylcarbodiimide (DCC) coupling between a terminal 
resin bound amine and a carboxylic acid on the indicator ligand. 

These synthetic receptors, localized on the PEG-PS resin to create sensing particles, were positioned 
10 5 within micromachined wells formed in silicon/silicon nitride wafers, thus confining the particles to individually 

addressable positions on a multicomponent chip. These wells were sized to hold the particles in both swollen and 
unxwollen states. Rapid introduction of the test fluids can be accomplished using these structures while allowing 
spectrophotometry assays to probe for the presence of analytes. For the idennTicatkm and quantification of analyte 
j ^ species, changes in the light absorption and light emission properties of the immobilized resin particles can be 

10 exploited, although only identification based upon absorption properties are discussed here. Upon exposure to 
analytes, color changes for the particles were found to be 90% complete within one minute of exposure, although 
typically only seconds were required. To make the analysis of the colorimeoric changes efficient, rapid, and 
sensitive, a charge-coupled-device (CCD) was directly interfaced with the sensor array. Thus, data streams 
composed of red, green, and blue (RGB) light intensities were acquired and processed for each of the individual 
1 5 particle elements. The red. blue, and green responses of the particles to various solutions are graphically depicted 
in FIG. 16. 

The true power of the described bead sensor array occurs when simultaneous evaluation of multiple 
chemically distinct bead structures is completed. A demonstration of the capacity of five different beads is 
provided in FIG. 16. In this case, blank, alizarin, o-cresol phthalein, fluorescein, and alizarin -Ce3+ complex 
20 derivatized beads serve as a matrix for subtle differentiation of chemical environments. The blank bead is simply a 
polystyrene sphere with no chemical e'ertvarization. The bead derivatized with o-cresolphthalein responds to Ca+2 
30 at pHs values around 10.0. The binding of calcium is noted from the large green color attenuation noted for mis 

dye while exposed to the cation. Similarly, the fluorescein derivatized bead acts as a pH sensor. At pHs below 7.4 
it is light yellow, but at higher pHs it turns dark orange. Interesting, the alizarin complexone plays three distinct 
25 roles. First, it acts as a proton sensor yielding a yellow color at pHs below 4.5, orange is noted at pHs between 4.5 
35 and 1 1 .5, and at pHs above 1 1 .5 a blue hue is observed. Second, it functions as a semor for lanthanum ions at 

lower pHs by turning yellow to orange. Third, the combination of both fluoride and lanthanum ions results in 
yellow/orange coloration. 

The analysis of solutions containing various amount of Ca' 1 or F at various pH levels was performed 
40 30 using alizarin complexone, o-crcsolphthalein complexone. 5-carboxy fluorescein, and alizarin-Ce** complex. A 

blank particle in which the tCTrninal amines of a PEG-PS resin particle have been acylated was also used. In this 
example, the presence of Ca° (0. 1 M CaCNO,),) was analyzed under conditions of varying pH. The pH was varied 
to values of 2, 7, and 12, all bulTered by a mixture of 0.04 M phosphate, 0.04 M acetate, and 0.04 M borate. The 
45 RGB patterns for each sensor element in all environments were measured. The bead derivatized with o- 

35 cresorphthalein responds to Ca* 1 at pH values around 12. Similarly, the 5-carboxy fluorescein derivatized bead acts 
as a pH sensor. At pHs below 7.4 U is light yellow, but at higher pHs it rums dark orange. Interesting, the alizarin 
complexone plays three distinct roles. First, it acts as a proton sensor yielding a yellow color at pHs below 4.5, 
orange is noted at pHs between 4.5 and 1 1 .5, and at pMs above 11. 5 a blue hue is observed. Second, it functions as 
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5 a sensor for lanthanum ions at lower pHs by turning yellow to orange. Third, the combination of both fluoride and 

lanthanum ions results in yellow/orange colonmon. 

This example demonstrates a number of important factors related to the design, testing, and functionality 
of nucro nBc hincd amy sensors for solution analyses. First, dcrivatization of polymer particles with both 
10 5 colorimetric and fluorescent dyes was completed. These structures were shown to respond to pH and C» \ 

Second, response times well under 1 rninute.were found. Third, micromachmcd arrays suitable both for 
confinement of particles, as well as optical characterization of the particles, have been prepared. Fourth, integration 
of the test bed arrays with commercially available CCD detectors has been accomplished. Finally, simultaneous 
detection of several analytes in a mixture was made possible by analysis of the RGB color patterns created by the 
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3. The detection of sugar molecules using a boronic acid based receptor. 

A scries of receptors were prepared with functionalities that associate strongly with sugar molecules, as 
depicted in FIG. 9. In this case, a boronic acid sugar receptor 500 was utilized to demonstrate the functionality of a 
1 5 new type of sensing scheme in which competitive displacement of a rcsonifro derivatized galactose sugar molecule 
was used to assess the presence (or lack thereof) of other sugar molecules. The boronic acid receptor 500 was 
formed via a substitution reaction of a benzylic bromide. The boronic acid receptor was attached to a polyethylene 
glycol-polysryrene ('TEG-PS**) ream particle at the "R" position. Initially, the boronic acid derivatized particle was 
loaded with resorufm derivatized galactose 5 10. Upon exposure of the particle to a solution containing glucose 
20 520, the resorufin derivatized galactose molecules 5 10 are displaced from the particle receptor sites. Visual 
inspection of the optical photographs taken before and after exposure to the sugar solution show that the boron 
30 substituted resin is capable of sequestering sugar molecules from an aqueous solution. Moreover, the subsequent 

exposure of the colored particles to a solution of a non-tagged sugar (e.g., glucose) leads to a displacement of the 
bound colored sugar reporter molecule. Displacement of this molecule teads to a change in the color of the particle. 
25 The sugar sensor turns from dark orange to yellow in solutions containing glucose, the particles were also tested 
35 in conditions of varying pH. It was noted that the color of the particles changes from dark orange to yellow as the 

pH is varied from low pH to high pH. 

FURTHER IMPROVEMENTS 

4Q 30 Shown in FIG. 1 7 is an embodiment of a system for detecting analytes in a fluid. In one ernbodiment, the 

system includes a light source 5 1 2, a sensor array 522, a chamber 550 for supporting the sensor array and a detector 
530. The sensor array 522 may include a supporting member which is configured to hold a variety of particles. In 
one embodiment, light originating from the light source 512 posses through the sensor array 522 and out through 
the bottom side of the sensor array. Light modulated by the particles may be detected by a proximally spaced 

45 

35 detector 530. While depicted as being positioned below the sensor array, it should be understood mat the detector 
may be positioned above the sensor array for reflectance measurements. Evaluation of the optical changes may be 
completed by visual inspection (e.g.. by eye, or with the aid of a microscope) or by use of a microprocessor 540 
coupled to the detector. 
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la this embodiment, the sensoi array 522 is positioned within a chamber 550. The chamber 550, may be 
configured to allow a fluid stream to pass through the chamber such that the fluid stream interacts with the sensor 
array 522. The chamber may be constructed of glass (e.g. borosilicate glass or quartz) or a plastic material which is 
transparent to a portion of the light from the light source. If a plastic material is used, the plastic material should 
5 also be substantially unreactive toward the fluid Examples of plastic materials which may be used to form the 
chamber include, but are not limited to. acrylic resins, polycarbonates, polyester resins, polyethylene*, polyirmdes, 
polyvinyl polymers (e.g.. polyvinyl chloride, polyvinyl acetate, polyvinyl dichloride. polyvinyl fluoride, etc.), 
polystyrenes, polypropylenes, polytetrafluoroethylenes, and poryurethanes. An example of such a chamber is a 
Sykes-Moore chamber, which is commercially available from Bellco Glass, Inc., in New Jersey. Chamber 550, in 
I0 one embodiment, includes a fluid inlet port 552 and a fluid outlet port 554. The fluid inlet 552 and outlet 554 pons 
are configured to allow a fluid stream to pass into the interior 556 of the chamber during use. The inlet and oudet 
ports may be configured to allow facile placement of a conduit for transferring the fluid to the chamber. In one 
embodiment, the ports may be hollow conduits. The hollow conduits may be configured to have an outer diameter 
which is substantially equal to the inner diameter of a tube for transferring the fluid to or away from the chamber. 
1 5 For example, if a plastic or rubber tube is used for the transfer of the fluid, the internal diameter of the plastic tube 
is substantially equal to the outer diameter of the inlet and outlet ports. 

In another einbodiment, the inlet and outlet ports may be Luer lock style connectors. Preferably, the inlet 
25 gad 0U Uct ports are female Luer lock connectors. The use of female Luer lock connectors will allow the fluid to be 

introduced via a syringe. Typically, syringes include a male Luer lock connector at the dispensing end of the 
20 syringe. For the introduction of liquid samples, the use of Luer lock connectors may allow samples to be 

transferred directly from a syringe to the chamber 550. Luer lock connectors may also allow plastic or rubber 
30 tubing to be connected to the chamber using Luer lock tubing connectors. 

The chamber may be configured to allow the passage of a fluid sample to be substantially confined to the 
interior 556 of the chamber. By confining the fluid to a small interior volume, the amount of fluid required for an 
25 analysis may be mmimized. The interior volume may be specifically modified for the desired application. For 
example, for the analysis of small volumes of fluid samples, the chamber may be designed to have a small interior 
chamber, thus reducing the amount of fluid needed to fill the chamber. For larger samples, a larger interior 
chamber may be used. Larger chambers may allow a faster throughput of the fluid during use. 

In another embodiment, depicted in FIG. 18. a system for detecting analytes in a fluid includes a light 
30 source 512, a sensor array 522, a chamber 550 for supporting the sensor array and a detector 530, all enclosed 
within a detection system enclosure 560. As described above, the sensor array 522 is preferably formed of a 
supporting member which is configured to hold a variety of particles. Thus, in a single enclosure, all of the 
components of an analyte detection system are included 

The formation of an analyte detection system in a single enclosure may allow the formation of a portable 
35 detection system. For example, a small controller 570 may be coupled to the analyte detection system. The 
controller 570 may be configured to interact with the detector and display the results from the analysis. In one 
embodiment, the controller includes a display device 572 for displaying information to a user. The controller may 
also include input devices 574 (e.g., buttons) to allow the user to control the operation of the analyte detection 
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5 system. For example, the controller may control the operation of the light source 512 and the operation of the 

detector 530. 

The detection system enclosure 560, may be interchangeable with the controller. Coupling members 576 
and 578 may be used to remove the detection system enclosure 560 from the controller 570. A second detection 
70 5 system enclosure may be readily coupled to the controller using coupling members 576 and 578. In this manner, a 

variety of different types of analytes may be detecting using a variety of different detection system enclosures. 
Each of the detection system enclosures may include different sensor arrays mounted within their chambers. 
Instead of having to exchange the sensor array for different types of analysis, the entire detection system enclosure 
^ may be exchanged. This may prove advantageous, when a variety of detection schemes are used. For example a 

1 0 first detection system enclosure may be configured for white light apphcations. The first detection system 

enclosure may include a white light source, a sensor that includes particles that produce a visible light response in 
the presence of an anolyte, and a detector sensitive to white light A second detection system enclosure may be 
configured for fluorescent applications, ioc hiding a fluorescent light source, a sensor army which includes particles 
which produce a fluorescent response on the presence of an analyte, and a fluorescent detector. The second 
1 5 detection system enclosure may also include other components necessary for producing a proper detection system. 
For example, the second detection system may also include a filter for preventing short wavelength excitation from 
producing "false" signals in the optical detection system during fluorescence measurements. A user need only 
select the proper detection system enclosure fnr the detection of the desired analyte. Since each detection system 
enclosure includes many of the required components, a user does not have to make light source selections, sensor 
20 array selections or detector arrangement selections to produce a viable detection system. 

In another embodiment, the individual components of the system may be interchangeable. The system may 
30 include coupling members 573 and 575 that allow the light source and the detector, respectively, to be removed 

from the chamber 550. This may allow a more modular design of the system. For example, an analysis may be 
first performed with a white light source to give data corresponding to an absorbancc/reflectance analysis. After 
25 this analysis is performed the light source may be changed to a ultraviolet light source to allow ultraviolet analysis 
35 of the particles. Since the particles have already been treated with the fluid, the analysis may be preformed without 

further treatment of the particles with a fluid. In mis manner a variety of tests may be performed using a single 
sensor array. 

In one embodiment, the supporting member b made of any material capable of surjporang the particles, 
4£ 30 while allowing the passage of the appropriate wavelength of light. The supporting member may also be made of a 

material substantially impervious to the fluid in which the analyte is present. A variety of materials may be used 
including plastics (e.g., photoresist materials, acrylic polymers, carbonate polymers, etc.), glass, silicon based 
materials (e.g., silicon, silicon dioxide, silicon nitride, etc) and metals, in one embodiment, the supporting member 
includes a plurality of cavities. The cavities are preferably formed such that at least one particle is substantially 
35 contained within the cavity. Alternatively, a phrrahty of particles may be cemtamed within 8 single cavity. 

In some embodiments., it will be necessary to pass liquids over die sensor array. The dynamic motion of 
liquids across the sensor array may lead to displacement of the particles from the cavities. In another embodiment, 
the particles are preferably held within cavities formed in a supporting member by the use of a transmission 
50 electron microscope ('TEM") grid. As depicted in FIG. 1 9. a cavity 580 is formed in a supporting member 582. 
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5 After placement of a particle 584 within the cavity, a TEM grid 586 may be placed atop tbc supporting member 582 

and secured into position. TEM grids and adhesive* for securing TEM grids to a support are commercially 
available from Ted Pella, Inc., Redding. CA. The TEM grid 586 may be made from a number of materials 
including, but not limited to, copper, nickel, gold, silver, aluminum, molybdenum, titanium, nylon, beryllium, 
10 5 carbon, and beryllium-copper. The mesh structure of the TEM grid may allow solution access as well as optical 

access to the particles that are placed in the cavities. FIG. 20 further depicts a top view of a sensor array with a 
TEM grid 586 formed upon the upper surface of the supporting member 582. The TEM grid 586 may be placed on 
the upper surface of the supporting member, trapping panicles 584 within the cavities 580. As depicted, the 
15 openings 588 in the TEM grid 586 may be sized to bold the particles 584 within the cavities 580, while allowing 

1 0 fluid End optica) access to cavities 580. 

In another embodiment, a sensor array includes a supporting member configured to support the particles, 
while allowing the passage of me appropriate wavelength of light to the particle. Tbc supporting member, in one 
embodiment, includes a plurality of cavities. The cavities may be formed such that at least one particle is 
substantially contained within the cavity. The supporting member may be configured to substantially inhibit the 
1 5 displacement of the paruclei from the cBvines during use. The supporting member may also be configured to allow 
the passage of the fluid through cavities, e.g., the fluid may flow from the top surface of the supporting member, 
past the particle, and out the bottom surface of the supporting member. This may increase the contact time between 
the particle and the fluid. 

Figures 21A-G depict a sequence of processing steps for the formation of a silicon based sujmorting 
20 member which includes a removable top cover and bottom cover. The removable top cover may be configured to 
allow fluids to pass through the top cover and into the cavity. The removable bottom cover may also be configured 
to allow the fluid to pass through the bottom cover and out of the cavity. As depicted in FIG. 2 1 A, a series of 
layers may be deposited upon both sides of a silicon substrate 610. First removable layers 612 may be deposited 
upon the silicon substrate. The removable layers 612 may be silicon dioxide, silicon nitride, or photoresist material. 
25 In one embodiment, a layer of silicon dioxide 61 2 is deposited upon both surfaces of the silicon substrate 610. 
35 Upon these removable layers, covers 614 may be formed. In one embodiment, coven 614 are formed from a 

material that differs from the material used to form the removable layers 612 and which is substantially transparent 
to the light source of a detection system. For example, if the removable layers 612 arc formed from silicon dioxide, 
the cover may be formed from silicon nitride. Second removable layers 616 may be formed upon the covers 614. 
40 30 Second removable layers 61 6 may be formed from a material that differs from the material used to form the covers 

614. Second removable layers 61 6 may be formed from a material similar to the material used to form the first 
removable layers 612. In one embodiment, first and second removable layers 6 1 2 and 6 1 6 are formed from silicon 
dioxide and covers 6 14 are formed from silicon nitride. The layers are patterned and etched using standard 
photolithographic techniques. In one embodiment, the remaining portions of the layers are substantially aligned in 

45 

35 the position where the cavities are to be formed in the silicon substrate 6 1 0. 

After the layers have been etched, spacer structures may be formed on the sidewalls of the first removable 
layers 612, the coven 614, and the second removable layers 616. as depicted in FIG. 2 IB. The spacer structures 
may be formed from the same material used to form the second removable layers 616. In one embodiment, 
depositing a spacer layer of the appropriate material and subjecting the material to an anisotropic etch may form the 
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5 spacer structures. An anisotropic etch, such as a plasma etch, employs both physical and chemical removal 

mechanisms. Ions are typically bombarded at an angle substantially perpendicular to the semiconductor substrate 
upper surface. This causes substantially horizontal surfaces to be removed faster than substantially vertical 
surfaces. During this etching procedure the spacer layers arc preferably removed such that the only regions of the 
10 j spacer layers that remain may be those regions near substantially vertical surfaces, e.g., spacer structures 6 IS. 

After formation of the spacer structures 618, cover support structures 620, depicted in FIG. 21C, may be 
formed. The cover support structures may be initially formed by depositing a support structure layer upon the 
second removable layer 616 and spacer structures 618. Toe support structure layer is then patterned and etched, 
^ using standard photolithography, to form the support structures 620. In one embodiment, the support structures are 

10 formed from a material that differs from the removable layers material. In one embodiment, the removable layers 
may be formed from silicon dioxide while the support structures and covers may be formed from silicon nitride. 

Turning to FIG- 21 D, the second removable layers 616 and an upper portion of the spacer structures 618 
are preferably removed using a wet etch process. Removal of the second removable layers leaves the top surface of 
the covers 614 exposed. This allows the covers to be patterned and etched such that openings 622 are formed 
1 5 extending through the covers. These openings 622 may be formed in the covers 614 to allow the passage of fluid 
through the cover layers. In one embodiment, the openings 622 are formed to allow fluid to pass through, while 
irihibiting displacement of the particles from the subsequently formed cavities. 

After the openings 622 have been formed, the remainder of the first removable layers 6 1 2 and the 
remainder of the spacer structures 618 may be removed using a wet etch. The removal of the removable layers and 
20 the spacer Structures creates "floating** covers 614, as depicted in FIG. 2 1 E. The covers 6 1 4 may be held in 
proximity to the silicon substrate 61 0 by the support structures 620. The covers 614 may now be removed by 
30 sliding the covers away from the support structures 620. In this manner removable covers 614 may be formed. 

After the covers 614 are removed, cavities 640 may be formed in the silicon substrate 610, as depicted in 
FIG. 21 F. The cavities 640 may be formed by, initially patterning and etching a photoresist materia) 641 to form a 
25 masking layer. After the photoresist material 641 is patterned, the cavities 640 may be etched into the silicon 
35 substrate 6 1 0 using a hydroxide etch, as described previously. 

After the cavities 640 are formed, the photoresist material may be removed and particles 642 may be 
placed withia the cavities, as depicted m FIG. 2 1 G. The particles 642, may be inhibited from being displaced from 
the cavity 640 by placing covers 6 14 back onto the upper and lower faces of the silicon substrate 610. 
30 In another embodiment, a sensor array may be formed using a supporting member, a removable cover, and 

a secured bottom layer. FIGS. 22 A-G depict a series of processing steps for the formation of a silicon based 
supporting member which includes a removable top cover and a secured bottom layer. The removable top cover is 
preferably configured to allow fluids to pass through the top cover and into the cavity. As depicted in FIG. 22 A, a 
series of layers may be deposited upon both sides of a silicon substrate 6!0. A first removable layer 612 may be 
35 deposited upon the upper face 61 1 of the silicon substrate 610. The removable layer 612 may be silicon dioxide, 
silicon nitride, or photoresist material. In one embodiment, a layer of silicon dioxide 612 is deposited upon the 
silicon substrate 610. A cover 614 may be formed upon the removable layer 612 of the silicon substrate 610. In 
one embodiment, the cover 61 4 is formed from a material that differs from the rnaterial used to form the removable 
layer 612 and is substantially transparent to the light source of a detection system. For example, if the removable 
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layer 612 is formed from silicon dioxide, the cover layer 614 may be formed from silicon nitride. In one 
embodiment, a bottom layer 61 5 is formed on the bottom surface 613 of the silicon substrate 610. In one 
embodiment, the bottom layer 615 is formed from o material that is substantially transparent to the light source of a 
detection system. A second removable layer 616 may be formed upon the cover 614. Second removable layer 616 
may be formed from a material that d lifers from the material used to form the cover layer 614. Second removable 
layer 616 may be formed from a material similar to the material used to form the first removable layer 612. In one 
embodiment, first and second removable layers 612 and 616 are formed from silicon dioxide and cover 614 is 
formed from silicon nitride. The layers formed on the upper surface 6! 1 of the silicon substrate may be patterned 
and etched using standard photolithographic techniques. In one embodiment, the re maining portions of the layers 
formed on the upper surface are substantially aligned in the position where the cavities are to be formed in the 
silicon substrate 610. 

After the layers have been etched, spacer structures may be formed on the side walls of the first removable 
layer 612, the cover 614, and the second removable layer 616, as depicted in FIG. 22B. The spacer structures may 
be formed from the same material used to form the second removable layer 616. In one embodiment, the spacer 
structures may be formed by depositing a spacer layer of the appropriate material and subjecting the spacer layer to 
an anisotropic etch. During this etching procedure the spacer layer is preferably removed such that the only regions 
of the spacer layer which remain may be those regions near substantially vertical surfaces, e.g., spacer structures 
618. 

After formation of the spacer structures 618, cover support structures 620, depicted in FIG. 22C, may be 
formed upon the removable layer 616 and the spacer structures 618. The cover support structures 620 may be 
formed by depositing a support structure layer upon the second removable layer 616 and spacer structures 618. The 
support structure layer is then patterned and etched, using standard photolithography, to form the support structures 
620. In one embodiment, the support structures are formed from a material that differs from the removable layer 
materials. In one embodiment; the removable layers may be formed from silicon dioxide while the support 
structures and cover may be formed from silicon nitride. 

Turning to FIG. 22 D, the second removable layer 616 and an upper portion of the spacer structures 618 
may be removed using a wet etch process. Removal of the second removable layer leaves the top surface of the 
cover 614 exposed. This allows the cover 614 to be patterned and etched such that cipcnmgs 622 are formed 
extending through the cover 614. These openings 622 may be formed in the cover 61 4 to allow the passage of fluid 
through the cover. In one embodiment, the opemngs 622 are formed to allow fluid to pass through, while mbiWting 
displacement of the particle from a cavity. The bottom layer 6 1 5 may bIso be similarly patterned and etched such 
that openings 623 may be formed extending thorough the bottom layer 6 15. 

After the openings 622 and 623 are formed, the first removable layer 612 and the remainder of the spacer 
structures 6 1 8 may be removed using a wet etch. The removal of the removable layers and the spacer structures 
creates a "itoating" cover 614, as depicted in FIG. 22E The cover 614 may be held in proximity to the silicon 
substrate 610 by the support structures 620. The cover 614 may now be removed by siiding the cover 614 away 
from the support structures 620. In this manner a removable cover 614 may be formed. 

After the cover 614 is removed, cavities 640 may be formed in the silicon substrate 610, as depicted in 
FIG. 22F. The cavities 640 may be formed by. initially patterning and etching a photoresist material 64 1 to form a 
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masking layer. After the photoresist materia] 614 is patterned, the cavities 640 may be etched into the silicon 
substrate 610 using a hydroxide etch, as described previously. 

After the cavities 640 are formed, the photoresist material may be removed and particles 642 may be 
placed within the cavities, as depicted in FIG. 22G. Tie particles 642, may be inhibited from being displaced from 
the cavity 640 by placing cover 614 back onto the upper face 61 1 of the silicon substrate 610. The bottom layer 
61 5 may also aid in inhibiting the particle 642 from being displaced from the cavity 640. Openings 622 in cover 
614 and openings 623 in bottom layer 615 may allow fluid to pass through the cavity during use. 

In another embodiment, a sensor array may be formed using a supporting member and a removable cover. 
FIGS. 23A-G depict a series of processing steps for the formation of a silicon based snppcrrting member whkh 
includes a removable cover. The removable cover is preferably configured to allow fluids to pass through the cover 
and into the cavity. As depicted in FIG. 23A, a series of layers may be deposited upon the upper surface 61 1 of a 
silicon substrate 610. A first removable layer 612 may be deposited upon the upper face 611 of the silicon 
substrate 610. The removable layer 612 may be silicon dioxide, silicon nitride, or photoresist rnateriaL In one 
embodiment, a layer of silicon dioxide 612 is deposited upon the silicon substrate 610. A cover 614 may be formed 
upon the removable layer 612. In one embodiment, the cover is formed from a material which differs from the 
material used to form the removable layer 612 and which is substantially transparent to the light source of a 
detection system. For example, if the removable layer 612 is formed from silicon dioxide, the cover 614 may be 
formed from silicon nitride. A second removable layer 616 may be formed upon the cover 614. Second removable 
layer 6 1 6 may be formed from a material that differs from the material used to form me cover 614. Second 
removable layer 61 6 may be formed from a material similar to the material used to form the first removable layer 
612. In one embodiment, first and second removable layers 61 2 and 61 6 are formed from silken dioxide and cover 
614 is formed from silicon nitride. The layers formed on the upper surface 61 1 of the siheon substrate may be 
patterned and etched using standard photolithographic techniques. In one embodiment, the remaining portions of 
the layers formed on the upper surface are substantially aligned in the position where the cavities are to be formed 
in the silicon substrate 610. 

After the layers have been etched, spacer structures 618 may be formed on the side walls of the first 
removable layer 612, the cover layer 614, and the second removable layer 616, as depicted in FIG. 23B. The 
spacer structures 618 may be formed from the same material used to form the second removable layer 616. In one 
aifcodunent, the spacers may be formed by departing a spacer layer of the appropriate material upon the second 
removable layer and subjecting the material to an anisotropic etch. During this etching procedure the spacer layer 
is preferably removed such that the only regions of the spacer layer which remain may be those regions near 
substantially vertical surfaces, e.g.. spacer structures 618. 

After formation of the spacer structures 618, cover support structures 620, depicted in FIG. 23C, may be 
formed upon the removable layer 616 and the spacer structures 61 8. The cover support structure may be formed by 
initially depositing a support structure layer upon the second removable layer 616 and spacer structures 618. The 
support structure layer is then patterned and etched, using standard photolithography, to form the support structures 
620. In one embodiment, the support structures 620 are formed from a material that differs from the removable 
layer materials. In one embodimcrit, the removable layer, may be formed from sflicon dioxide while the support 
structure and cover layer may be formed from silicon nitride. 
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5 Turning to FIG. 23D, the second removable layer 616 and an upper portion of (he spacer structure* 618 

may be removed using a wet etch process. Removal of the second removable layer leaves the top surface of the 
cover 614 exposed. This allows the cover 614 to be patterned and etched such that openings 622 are formed 
extending through the cover 614. These openings 622 may be formed in the cover 61 4 to allow the passage of fluid 
10 5 through the cover 61 4. 

After the openings 622 are formed, the remainder of the first removable layer 6 12 and the remainder of the 
spacer structures 61 8 may be removed using a wet etch. The removal of the removable layers and the spacer 
structures creates a "floating" cover 614. as depicted in FIG. 23E. The cover 61 4 is preferably held in proximity to 
j 5 the silicon substrate 610 by the support structures 620. The cover 614 may now be removed by sliding the cover 

10 614 away from the support structures 620. In this manner a removable cover 6 1 4 may be formed 

After the cover 614 is removed, cavities 640 may be formed in the silicon substrate 6 10, as depicted in 
FIG. 23F. The cavities 640 may be formed by initially depositing and patterning a photoresist material 641 upon 
the silicon support 610. After the photoresist material 614 is patterned, the cavities 640 may be etched into the 
silicon substrate 610 using a hydroxide etch, as described previously. The etchin g of the cavities may be 
1 5 accomplished such that a bottom width of the cavity 643 is less than a width of a particle 642. Id one embodiment, 
the width of the bottom of the cavity may be controlled by varying the etch time. Typically, longer etching times 
result in a larger opening at the bottom of the cavity. By forming a cavity in this manner, a particle placed in the 
cavity may be too large to pass through the bottom of the cavity. Thus, a supporting member that does not include 
a bottom layer may be formed. An advantage of this process is that the processing steps may be reduced making 
20 production simpler. 

After the cavities 640 are formed, the photoresist material may be removed and particles 642 may be 
placed within the cavities, as depicted in FIG. 23 G. The particles 642. may be inhibited from being displaced from 
the cavity 640 by placing cover 614 back onto the upper face 61 1 of the silicon substrate 610. The narrow bottom 
portion of the cavity may also aid in inhibiting the particle 642 from being displaced from the cavity 640. 
25 Figures 24A-d depict a sequence of processing steps for the formation of a silicon based supporting 

35 member which includes a top partial cover and a bottom partial cover. The top partial cover and bottom partial 

covers are, in one embodiment, configured to allow fluids to pass into the cavity and out through the bottom of the 
cavity. As depicted in FIG. 24A, a bottom layer 712 may be deposited onto the bottom surface of a silicon 
substrate 710. The bottom layer 7 1 2 may be silicon dioxide, silicon nitride, or photoresist material. In one 
4 q 30 embodiment* a layer of silicon nitride 7 1 2 is deposited upon the silicon substrate 7 1 0. In one embodiment, 

ope ning s 714 are formed through the bottom layer as depicted in FIG. 24A. Openings 714, in one embodiment, are 
substantially aligned with the position of the cavities to be subsequently formed. The openings 714 may have a 
width that is substantially less than a width of a particle. Thus a particle will be inhibited from passing through the 
714. 
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35 Cavities 7 1 6 may be formed in the silicon substrate 71 0, as depicted in FIG. 24B. The cavities 7 1 6 may be 

formed by initially depositing and patterning a photoresist layer upon the silicon substrate 710. After, the 
photoresist material is patterned, cavities 716 may be etched into the silicon substrate 710 using a number of 
etching techniques, including wet and plasma etches. The width of the cavities 716 is preferably greater man the 
width of a particle, thus allowing a particle to be placed within eacb of the cavities. The cavities 716, in one 

31 



55 



WO 00/04372 



PCT/US99/16162 



embodiment, are preferably formed such that the cavities aie substantially aligned over the openings 714 formed in 
the bottom layer. 

After me cavities have been formed, panicle* 7 1 8 may be inserted into the cavities 7 1 6, as depicted in 
FIG. 24C. The etched bottom layer 7 12 may serve as a support for the panicles 71 S. Thus the particles 71 8 may 
be inhibited from being displaced from Ihe cavities by the bottom layer 712. The openings 7 14 in the bottom layer 
712 may allow fluid to pass through the bottom layer during use. 

After the particles are placed in the cavities, a top layer 720 may be placed upon the upper surface 717 of 
the silicon substrate. In one embodiment, the top layer 720 is formed from a material is substantially transparent to 
the tight source of a detection system. The top layer may be formed from silicon nitride, silicon dioxide or 
photoTcsisl material. In one embodiment, a sheet of photoresist material is used. After the top layer 620 is formed, 
openings 719 may be formed in the top layer to allow the passage of the fluid into the cavities. If the top layer 720 
is composed of photoresist material, after depositing the photoresist material across die upper surface of the silicon 
substrate, the openings may be initially formed by exposing the photoresist material to the appropriate wavelength 
and pattern of light If the top layer is compose of silicon dioxide or silicon nitride the top layer 720 may be 
developed by forming a photoresist layer upon the top layer, developing the photoresist, and using the photoresist 
to etch the underlying top layer. 

Similar sensor arrays may be produced using material* other than silicon for the supporting member. For 
example, as depicted in FIG 25 A-D, the supporting member may be composed of photoresist material. In one 
embodiment, sheets of photoresist film may be used to form the supporting member. Photoresist film sheets are 
commercially available from E. L du Pont de Nemours and Company, Wilmington, DE under the <»nmercial name 
RISTON. The sheets come in a variety of sizes, the most common having a thickness ranging from about 1 mil. 
(25 urn) to about 2 mil. (50 urn). 

In an embodiment, a first photoresist layer 722 is developed and etched such that openings 724 are 
formed The openings may be formed proximate the location of the subsequently formed cavities. Preferably, the 
openings have a width that is substantially smaller than a width of the particle. The openings may inhibit 
displacement of the particle from a cavity. After the first photoresist layer 720 is patterned and etched, a main layer 
726 is formed upon the bottom layer. The main layer 720 is preferably formed from a photoresist film that has a 
thickness substantially greater than a typical width of a particle. Thus, if the particles have a width of about 30 urn, 
a mam layer may be composed of a 50 urn photoresist material. Alternatively, the photoresist layer may be 
composed of a multitude of photoresist layers placed upon each other until the desired thickness is achieved, as will 
be depicted in later embodiments. 

The main photoresist layer may be patterned and etched to form the cavities 728, as depicted in FIG. 25B. 
The cavities, in one embodiment, are substantially aligned above the previously formed openings 724. Cavities 
728, in one embodiment, have a width which is greater than a width of a particle. 

For many types of analysis, the photo resist material is substantially transparent to the light source used. 
Thus, as opposed to a silicon supporting member, the photoresist material used for the main supporting layer may 
be substantially transparent to the light used by the light source. In some circumstances, the transparent nature of 
the supporting member may allow light from the cavity to migrate, through the supporting member, into a second 
cavity. This leakage of light from one cavity to the next may lead to detection problems. For example, if a first 
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particle id a fust cavity produces a fluorescent signal in response to an analyte, this signal may be transmitted 
through the supporting member and detected in a proximate cavity. This may lead to inaccurate readings for the 
proximately spaced cavities, especially tf a particularly strong signal is produced by the interaction of the particle 
with an analyte. 

To reduce the occurrence of this "cross-tall^ a substantially reflective layer 730 may be formed along the 
inner surface of the cavity. In one embodiment, the reflective layer 730 is composed of a metal layer which is 
formed on the upper surface of the main layer and the inner surface of the cavity. The metal layer may be 
deposited using chemical vapor deposition or other known techniques for depositing mm metal layers. The 
presence of a reflective layer may mhibit "cross-talk* between the cavities. 

After the cavities 728 have been fonned, particles 718 may be inserted into the cavities 728. as depicted in 
HO. 25C. The first photoresist layer 722 may serve as a support for the particles 718. The particles may be 
inhibited from being displaced from the cavities by the first photoresist layer 722. The openings 724 in me first 
photoresist layer 722 may allow fluid to pass through the bottom layer during use. 

After the particles 728 are placed in the cavities 728, a top photoresist layer 732 may be placed upon the 
upper surface of the silicon substrate. After the cover layer is formed, or^enings 734 may be formed in the cover 
layer to allow the passage of the fluid into the cavities. 

In another embodiment, the supporting member may be formed from a plastic substrate, as depicted in 
FIG. 26A-D. In one erni>c<iirncnt, the plastic substrate is composed of a material which is substantially resistant to 
the fluid which includes the analyte. Examples of plastic materials which may be used to form the plastic substrate 
include, but are not limited to. acrylic resins, polycarbonates, polyester resins, polyethylene*, polytrnidea, polyvinyl 
polymerf (eg., polyvinyl chloride, polyvinyl acetate, polyvinyl dichloride, polyvinyl fluoride, etc.), polyatyrenes, 
poiypropylenes, polytetrafluoroethylenes, and polyurethanes. The plastic substrate may be substantially transparent 
or substantially opaque to the light produced by the tight source. After obtaining a suitable plastic material 740, a 
series of cavities 742 may be formed in the plastic material. The cavities 740 may be formed by drilling (either 
mechanically or with a laser), transfer molding (e.g., forming the cavities when the plastic material is formed using 
appropriately shaped molds), or using a puiiching apparatus to punch cavities into the plastic rnaterial. In one 
nr^wnt the cavities 740 are fonned such that a lower portion 743 of the cavities is substantially ruuTOwer than 
an upper portion 744 of the cavities. The lower portion 743 of the cavities may have a width substantially less man 
a width of a particle. The lower portion 743 of the cavities 740 may inhibit the displacement of a panicle from the 
cavity 740. While depicted as rectangular, with a narrower rectangular opening at the bottom, it should be 
understood that the cavity may be formed in a number of shapes including but not limited to pyramidal, triangular, 
trapezoidal, and oval shapes. An example of a pyramidal cavity which is tapered such that the particle is inhibited 
from being displaced from the cavity is depicted in FIG. 25D. 

After tbe cavities 742 are formed, particles 7 1 8 may be inserted into the cavities 742, as depicted in FIG. 
26B. The lower portion 743 of the cavities may serve as a support for the particles 718. Tbe particles 718 may be 
inhibited from being displaced from the cavities 742 by the lower portion 743 of the cavity. After the particles are 
placed in the cavities 740, b cover 744 may be placed upon the upper surface 745 of the plastic substrate 740, as 
depicted in FIG. 26C. In one embodiment, the cover is formed from a film of photoresist material. After the cover 
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5 744 is placed on the plastic substrate 740, openings 739 may be formed in the cover layer to allow the passage of « 

the fluid into the cavities. 

In some circumstances a substantially transparent plastic material may be used. As described above, the 
use of a transparent supporting member may lead to "cross-talk" between the cavities. To reduce the occurrence of 
f 0 5 this "cross-talk", a substantially reflective layer 748 may be formed on ibe inner surface 746 of the cavity, as 

depicted in FIG. 26E. In one embodiment, the reflective layer 748 is composed of a metal layer which is formed on 
the inner surface of the cavities 742. The metal layer may be deposited using chemical vapor deposition or other 
techniques for depositing thin metal layers. The presence of a reflective layer may inhibit cross-talk between the 
cavities. 

j o In another embodiment, a silicon based supporting member for a sensing panicle may be formed without a 

bottom layer. In this emrx>diment, the cavity may be tapered to inhibit the passage of the particle from the cavity, 
through the bottom of the supporting member. FIG. 27A-D, depicts the formation of a supporting member from a 
silicon substrate. In this embodiment, a photoresist layer 750 is formed upon an upper surface of a silicon substrate 
752, as depicted in FIG. 27A. The photoresist layeT 750 may be patterned and developed such that the regions of 
1 5 the silicon substrate in which the cavities will be formed are exposed. 

Cavities 754 may now be formed, as depicted in FIG. 27B, by subjecting the silicon substrate to an 
anisotropic etch. In one embodiment, a potassium hydroxide etch is used to produced tapered cavities. The etching 
may be controlled such that the width of the bottom of the cavities 750 is less than a width of the particle. After the 
cavities have been etched, a particle 756 may be inserted into the cavities 754 as depicted in FIG. 27C. The particle 
20 756 may be inhibited from passing out of the cavities 754 by the narrower bottom portion of the cavities. After the 
particle is positioned within the cavities 754, a cover 758 may be formed upon the silicon substrate 752, as depicted 
30 in FIG. 27D. The cover may be formed of any material substantially transparent to the light produced by the light 

source used for analysis. Openings 759 may be formed in the covct 758 to allow the fluid to pass into the cavity 
from the top face of the supporting member 752. The openings 759 m the cover and the opening at the bottom of 
25 the cavities 754 together may allow fluid to pass through the cavity during use. 
35 In another embodiment, a supporting member for a sensing particle may be formed from a plurality of 

layers of a photoresist material. In this embodiment, the cavity may be tapered to inhibit the passage of the particle 
from the cavity, through the bottom of the supporting member. FIGS. 28A-E depict the formation of a supporting 
member from a plurality of photoresist layers. In an embodiment, a first photoresist layer 760 is developed and 
40 30 etched to form a series of or*nings 762 which are positioned at the bottom of subsequently formed cavities, as 

depicted in FIG. 28 A. As depicted in FIG. 28B, a second layer of photoresist material 764 may be formed upon the 
first photoresist layer 760. Tbc second photoresist layer may be developed and etched to form openings 
substantially aligned with the openings of the first photoresist layer 760. Tbc openings formed in the second 
photoresist layer 764, in one embodiment, are substantially larger than the layers formed in the first photoresist 

45 

35 layer 760. In this manner, a tapered cavity may be formed while using multiple photoresist layers. 

As depicted in FIG. 28C, additional layers of photoresist material 766 and 768 may be formed upon the 
second photoresist layer 764. The openings of the additional photoresist layers 766 and 768 may be progressively 
larger as each layer is added to the suck. In this manner, a tapered cavity may be formed. Additional layers of 
photoresist material may be added until the desired thickness of the supporting member is obtained. The thickness 
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of the supporting member, in one embodiment, is greater than a width of a particle. For example, if a layer of 
photoresist material has a thickness of about 25 urn and a particle has a width of about 100 um. a supporting 
member may be formed from four or more layers of photoresist materia]. While depicted as pyramidal, the cavity 
may be formed in a number of different shapes, including but not limited to, rectangular, circular, oval triangular, 
and trapezoidal. Any of these shapes may be obtained by appropriate patterning and etching of the photoresist 
layers as they are formed. 

In some instances, the photoresist material may be substantially transparent to the light produced by the 
light source. As described above, the use of a transparent supporting member may lead to "cross-talk" between the 
cavities. To reduce the occurrence of this "cross-talk", a substantially reflective layer 770 may be formed along the 
inner surface of the cavities 762, as depicted in FIG. 28D. In one embodiment, the reflective layer is composed of a 
metal layer which is formed on the inner surface of the cavities 762. The metal layer may be deposited using 
chemical vapor deposition or other techniques for depositing thin metal laym. The presence of a reflective layer 
may inhibit "cross-talk" between the cavities. 

After the cavities 762 are formed, particles 772 may be inserted into the cavities 762, as depicted in FIG. 
1 5 28D. The narrow portions of the cavities 762 may serve as a support for the particles 772. The particles 772 may 
be inhibited from being displaced from the cavities 762 by tie lower portion of the cavities. After ihe particles 772 
are placed in the cavities 762, a cover 774 may be placed upon the upper surface of the top layer 776 of the 
25 supporting member, as depicted in FIG. 28E. In one embodiment, the cover 774 is also formed from a film of 

photoresist material. After the cover layer is formed, openings 778 may be formed in the cover 774 to allow the 
20 passage of the fluid into the cavities. 

In another embodiment, a supporting member for a sensing partick may be formed from photoresist 
30 material which includes a particle support layer. FIGS. 29A-E depict the formation of a supporting member from a 

series of photoresist layers. In an embodiment, a first photoresist layer 780 is developed and etched to form a series 
of openings 782 which may become part of subsequently formed cavities. In another embodiment, a cavity having 
25 the appropriate depth may be formed by fanning multiple layers of a photoresist materia), as described previously. 
35 As depicted in FIG. 29B, a second photoresist layer 784 may be formed upon the first photoresist layer 780. The 

second photoresist layer 784 may be patterned to form openings substantially aligned with the openings of the first 
photoresist layer 782. The openings formed in the second photoresist layei 784 may be substantially equal in size 
to the previously formed openings. Alternatively, the openings may be variable in size to form different shaped 
40 30 cavities. 

For reasons described above, a substantially reflective layer 786 may be formed along the inner surface of 
the cavities 782 and the upper surface of the second photoresist layer 784, as depicted in FIG. 29C. In one 
erobodiment, the reflective layer is composed of a metal layer. The metal layer may be deposited using chemical 
vapor deposition or other techniques for depositing thin metal layers. The presence of a reflective layer may inhibit 
35 "cross-talk" between the cavities. 

After the metal layer is deposited, a panicle support layer 788 may be formed on the bottom surface of the 
first photoresist layer 780, as depicted in FIG. 29D. The particle support layer 788 may be formed from photoresist 
material, silicon dioxide, silicon nitride, glass or a substantially transparent plastic material. The particle support 
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5 layer 78B may serve as a support for the panicles placed in ibe cavities 782. The panicle support layer, in one 

embodiment, is formed from a material that is substantially transparent to the light produced by the light source. 

After the particle supporting layer 788 is formed, particles 785 may be inscned into the cavities 782, as 
depicted in FIG. 29E. The particle support layer 788 may serve as a support for the particles. Thus the particles 
10 5 785 may be inhibited from being displaced from the cavities by the panicle support layer 788. After the panicles 

785 are placed in the cavities 782, a cover 787 may be placed upon the upper surface of the second photoresist 
layer 784, as depicted in FIG. 29E. In one entbodiment. the cover is also formed from a film of photoresist 
material. After the cover is formed, openings 789 may be formed in the cover 787 to allow the passage of the fluid 
^ into the cavities. In this embodiment, the fluid is inhibited from flowing through the supporting member. Instead, 

10 the fluid may flow into and out of the cavities via the openings 789 formed in the cover 787. 

A similar supporting member may be formed from a plastic material, as depicted in FIGS. 30A-D. The 
plastic material may be substantially resistant to the fluid which includes the analyte. The plastic material may be 
substantially transparent or substantially opaque to the light produced by the light source. After obtaining a suitable 
plastic substrate 790, a series of cavities 792 may be formed in the plastic substrate 790. The cavities may be 
1 5 formed by drilling (either mechanically or with a laser), transfer molding (e.g., forming the cavities when the 

plastic substrate is formed using appropriately shaped molds), or using a punching machine to form the cavities. In 
one embodiment, the cavities extend through a portion of the plastic substrate, te rmin a ting proximate the bottom of 
the plastic substrate, without passing through the plastic substrate. After the cavities 792 are formed, panicles 795 
may be inserted into the cavities 792, as depicted in FIG. 30B. The bottom of the cavity may serve as a support for 
20 the particles 795. After the particles are placed in the cavities, a cover 794 may be placed upon the upper surface of 
the plastic substrate 790, as depicted in FIG. 30C. In one embodiment, the cover may be formed from a film of 
30 photoresist material. After the cover 794 is formed, openings 796 may be formed in the cover to allow the passage 

of the fluid into the cavities. While depicted as rectangular, is should be understood mat the cavities may be 
formed in a variety of different shapes, including triangular, pyramidal, pentagonal, polygonal, oval, or circular. It 
25 should also be understood that cavities having a variety of different shapes may be formed into the same plastic 
35 substrate, as depicted in FIG. 30D. 

In one embodiment, a series of channels may be formed in the supporting member interconnecting some 
of the cavities, as depicted in FIG. 3. Pumps and valves may also be incorporated into the supporting member to 
aid passage of the fluid through the cavities. A schematic figure of a diaphragm pump 800 is depicted in FIG. 31. 
4Q 30 Diaphragm pumps, in general, include a cavity 8 1 0, a flexible diaphragm 8 12, an inlet valve 8 1 4, and an outlet 

valve 8 16. The flexible diaphragm 812, during use, is deflected as shown by arrows 81 8 to create a pumping force. 
As the diaphragm is deflected toward the cavity 81 0 it may cause the inlet valve 814 to dose, the outlet valve 816 
to open and any liquid which is in the cavity 8 10 will be forced toward the outlet 816. As the diaphragm moves 
away from the cavity 8 10, the outlet valve 816 may be pulled to a closed position, and the mlet valve 814 may be 
45 35 opened, allowing additional fluid to enter the cavity 810. In this manner a pump may be used to pump fluid 

through Ihc cavities. It should be understood that the pump depicted in FIG. 3 1 is a generalized version of a 
diaphragm based pump. Actual diaphragm pumps may have different shapes or may have inlet and outlet valves 
which are separate from the pumping device. 
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in one embodiment, the diaphragm 810 may be made from a piezoelectric material. This material will 
contract or expand when an appropriate vollagc is applied to the diaphragm. Pumps using a piezoelectric 
diaphragms are described in U.S. Patent Nos. 4,344,743, 4,938,742, 5,61 1,676, 5,705,018, and 5,759,015, all of 
which are incorporated by reference, tn other embodiments, the diaphragm may be activated using a pneumatic 
5 system. In these systems, an air system may be coupled to tbe diaphragm such that changes in sir density about the 
diaphragm, induced by the pneumatic system, may cause the diaphragm to move toward and away from the cavity. 
A pneumatically controlled pump is described in United States Patent No. 5,499.909 which is incorporated by 
reference. The diaphragm may also be controlled using a heat activated material The diaphragm may be formed 
from a temperature sensitive material. Io one embodiment, the diaphragm may be formed from a material which is 
1 0 configured to expand and contract in response to temperature changes. A pump system which relies on temperature 
activated diaphragm is described in United States Patent No. 5,288,214 which is incorporated by reference. 

In another embodiment, an electrode pump system may be used. FIG. 32 depicts a typical electrode based 
system. A series of electrodes 820 may be arranged along a channel 822 which may lead to a cavity 824 which 
includes a particle 826. By varying the voltage in the electrodes 820 a current flow may be induced in the fluid 
1 5 within the channel 822. Examples of electrode based systems include, but are not limited to, electroosmosis 
systems, elecuohydrodynamic systems, and combinations of elecrjoosmosis and elecnohydiodyruumc systems. 

Electrohydrodynamic pumping of fluids is known and may be appbed to small capillary channels. In an 
25 electrohydrodynamic system electrodes are typically placed in contact with the fluid when a voltage is applied. The 

applied voltage may cause a transfer in charge either by transfer or removal of an electron to or from the fluid. This 
20 electron transfer typically induces liquid flow in the direction from the charging electrode to the oppositely charged 
electrode. Electrohydrodynamic pumps may be used for pumping fluids such as oTganic solvents. 
30 Electroosmosis, is a process which involves applying o voltage to a fluid in a small space, such as a 

capillary channel, to cause the fluid to flow. The surfaces of many solids, including quartz, glass and the like, 
become variously charged, negatively or positively, in the presence of ionic materials, such as for example salts, 
25 acids or bases. The charged surfaces will attract oppositely charged (positive or negative) counterions in aqueous 
solutions. The application of a voltage to such a solution results in a rnigrarion of tbe counterions to the oppositely 
charged electrode, and moves the bulk of the fluid as well. The volume flow rate is proportional to the current, and 
the volume flow generated in the fluid is also proportional to the applied voltage. An clecrroosmosis pump system 
is described in United States Patent No. 4,908,1 12 which is incorporated by reference. 

In another embodiment, a combination of electroosmosis pumps and electrohydrodynamic pumps may be 
used. Wire electrodes may be inserted into tbe walls of a channel at preselected intervals to form alternating 
electroosmosis and electrohydrodynamic devices. Because electroosmosis and electtobydrwlynamic pumps are 
both present, a plurality of different solutions, both polar aod non-polar, may be pump along a single channel. 
Alternatively, a plurality of different solutions may be passed along a plurality of different channels connected to a 
35 cavity. A system which includes a combination of electroosmosis pumps and electrohydrodynamic pumps is 
described in United States Patent No. 5,632,876 which is incorporated by reference. 

In an embodiment, a pump may be incorporated into a sensor array system, as depicted in FIG. 32. A 
sensor array 830 includes at least one cavity 832 in which a particle 834 may be placed The caviry 832 may be 
50 configured to allow fluid to pass through tbe cavity during use . A pump 836 may be incorporated onto a portion of 
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the supporting member 838. A channel 831 may be formed in the supporting member 838 coupling the pump 836 
to the cavity 832. The channel 83 1 may be configured to allow the fluid to pass from the pump 836 to the cavity 
832. The pump 836 may be positioned away from the cavity 832 to allow light to be directed through the cavity 
during use. The supporting member 838 and the pump 836 may be formed from a silicon substrate, a plastic 
material or photoresist material. The pump 836 may be configured to pump fluid to me cavity via the channel, as 
depicted by the arrows in FIG. 32. When the fluid reaches the cavity 832. the fluid may flow past the parade 834 
and out through the bottom of the cavity. An advantage of using pumps is that better flow through the channels 
may be achieved. Typically, the channels and cavities may have a small volume. The small volume of the cavity 
and channel tends to inhibit flow of the fluid through the cavity. By incorporating a pump, the flow of fluid to the 
cavity and through the cavity may be increased, allowing more rapid testing of the fluid sample. While a 
diaphragm based pump system is depicted in FIG. 33, it should be understood that electrode based pumping 
systems may also be incorporated into the sensor array to produce fluid flows. 

In another embodiment, a pump may be coupled to a supporting member for analyzing analytes in a fluid 
stream, as depicted in FIG. 34. A channel 842 may couple a pump 846 to multiple cavities 844 formed in a 
supporting member 840. The cavities 842 may include sensing particles 848. The pump may be configured to 
create a flow of the fluid through the channel 842 to the cavities 848. In one embodiment, the cavities may inhibit 
the flow of the fluid through the cavities 844. The fluid may flow into the cavities 844 and past the particle 848 to 
create a flow of fluid through the sensor array system. In this manner a single pump may be used to pass the fluid 
to multiple cavities. While a diaphragm pump system is depicted in FIG. 33, it should be understood that electrode 
pumping systems may also be incorporated into the supporting member to create similar fluid flows.. 

In another embodiment, multiple pumps may be coupled to a supporting member of a sensor array system. 
In one embodiment, the pumps may be coupled in series with each other to pump fluid to each of the cavities. As 
depicted in FIG. 35, a first pump 852 and a second pump 854 may be coupled to a supporting member 850. The 
first pump 852 may be coupled to a first cavity 856. The first pump may be configured to transfer fluid to the first 
cavity 856 during use. The cavity 856 may be configured to allow the fluid to pass through the cavity to a first 
cavity outlet channel 858. A second pump 854 may also be coupled to the suprwrting member 850. The second 
pump 854 may be coupled to a second cavity 860 and the first cavity outlet channel 858. The second pump 854 
may be configured to transfer fluid from the first cavity outlet channel 858 to the second cavity 860. The pumps 
may be synchronized such that a steady flow of fluid through the cavities is obtained. Additional pumps may be 
coupled to the second cavity outlet channel 862 such that the fluid may be pumped to additional cavities. In one 
ernrwttonent, each of the cavities in the supporting member is coupled to a pump configured to pump the fluid 
stream to the cavity. 

In another embodiment, multiple electrode based pumps may be incorporated into the sensor array 
system. The pumps may be formed along the channels which couple the cavities. . As depicted in FIG. 36, a 
plurality of cavities 870 may be formed in a supporting member 872 of a sensor array. Channels 874 may also be 
formed in the supporting member 872 interconnecting the cavities 870 with each other. An inlet channel 876 and 
an outlet channel 877, which allow the fluid to pass into and out of the sensor array, respectively, may also be 
formed. A series of electrodes 878 may be positioned over the channels 874, 876, and 877. The electrodes may be 
used to form an electroosmosis pumping system or an electrohydrodynamic pumping system. The electrodes may 
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be coupled to a controller 880 which may apply the appropriate voltage 10 the appropriate electrodes to produce a 
flow of the fluid through tbe channels. The pumps may be synchronized such that a steady flow of fluid through 
the cavities is obtained. The electrodes may be positioned between the cavities such that the electrodes do not 
significantly interfere with the application of light to tbe cavities. 

In some instances it may be necessary to add a reagent to a panicle before, during or after an analysis 
process. Reagents may include receptor molecules or indicator molecules. Typically, such reagents may be added 
by passing a fluid stream which includes the reagent over the sensor array. In an embodiment, the reagent may be 
incorporated into the sensor array system which includes two particles. In this embodiment, a sensor array system 
900 may include two particles 910 and 920 for each sensing position of tbe sensor array, as depicted in FIG. 37. 
The fust particle 910 may be positioned in a first cavity 912. The second particle 920 may be positioned in a 
second cavity 922. In one embodiment, the second cavity is coupled to the first cavity via a channel 930. The 
second particle includes a reagent which is at least partially removable from the second particle 920. The reagent 
may also be configured to modify the first panicle 910, when the reagent is contacted with the first particle, such 
that the first panicle will produce a signal when the first particle interacts with an anaiyte during use. The reagent 
may be added to the first cavity before, during or after a fluid analysis. The reagent is preferably coupled to the 
second particle 920. The a portion of the reagent coupled to the second particle may be decoupled from the panicle 
by passing a decoupling solution past the second particle. The decoupling solution may include a decoupling agent 
which will cause at least a portion of the reagent to be at released by the particle. A reservoir 940 may be formed 
on the sensor array to hold the decoupling solution. 

A first pump 950 and a second pump 960 may also be coupled to the supporting member 915. The first 
pump 950 may be configured to pump fluid from a fluid inlet 952 to the first cavity 9 12 via channel 930. The fluid 
inlet 952 is the location where the fluid, which includes the anaryie, is introduced into tbe sensor array system A 
second pump 950 may be coupled to the reservoir 940 and the second cavity 922. The second pump 960 may be 
used to transfer the decoupling solution from the reservoir to the second cavity 922. The decoupling solution may 
pass through the second cavity 922 and into first cavity 912. Thus, as the reagent is removed the second particle it 
may be transferred to the first caviry912. where the reagent may interact with the first particle 910. The reservoir 
may be refilled by removing the reservoir outlet 942, and adding additional fluid to the reservoir 940. While 
diaphragm based pump systems are depicted in FIG. 37, it should be understood that electrode based pumping 
systems may also be incorporated into the sensor array to produce fluid flows. 

The use of such a system is described by way of example. In some instances it may be desirable to add a 
reagent to tbe first particle prior to passing the fluid which includes the anaiyte to the first panicle. The reagent 
may be coupled to the second particle and placed in the sensor array prior to use, typically during construction of 
the array. A decoupling solution may be added to the reservoir before use. A controller 970 may also be coupled 
to the system to allow automatic operation of the pumps. The controller 970 may be configured to initiate the 
analysis sequence by activating the second pump 960, causing the decoupling solution to flow from the reservoir 
940 to the second cavity 922. As the fluid passes through the second cavity 922, the decoupling solution may cause 
at least some of the reagent molecules to be released from the second particle 920. The decoupling solution may be 
passed out of the second cavity 922 and into the first cavity 912. As the solution passes through the first cavity, 
some of the reagent molecules may be captured by the first particle 910. After a sufficient number of molecules 
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have been captured by the first panicle 910. flow of fluid thorough the second cavity 922 may be stopped During 
this initialization of the system, the flow of fluid through the first pump may be inhibited. 

Aftd the system is initialized, the second pump may be stopped and the fluid may be introduced to the 
first cavity. The first pump may be used to transfer the fluid to the first cavity. The second pump may remain off. 
thus inhibiting flow of fluid from the reservoir to the first cavity. It should be understood that the reagent solution 
may be added to the fust cavity while the fluid is added to the firsl cavity. Io this embodiment, both the first and 
second pumps may be operated substantially simultaneously. 

Alternatively, the reagent may be added after an analysis. In some instances, a panicle may interact with 
an analyte such that a change in the receptors attached to the first particle occurs. This change may not, however 
produce a detectable signal. The reagent attached to the second bead may be used to produce a detectable signal 
when it interacts with the fust particle, if a specific analyte is present In this embodiment, the fluid is introduced 
into the cavity first. After the analylc has been given time to react with the particle, the reagent may be added to the 
first cavity. The interaction of the reagent with the panicle may produce a detectable signal. For example, an 
indicator reagent may react with a particle which has been exposed to an analyte to produce a color change on the 
panicle. Particle which have Dot been exposed to the analyte may remain unchanged or show a different color 
change. 

As shown in FIG. I, a system for detecting analytcs in a fluid may include a light source 1 1 0. a sensor 
array 1 20 and a detector 1 30. The sensor array 1 20 is preferably formed of a supporting member which is 
configured to hold a variety of particles 124 in an ordered array. A high sensitivity CCD array may be used to 
measure changes in optical characteristics which occur upon binding of the biologicai/chemkal agents. Data 
acquisition and handling is preferably performed with existing CCD technology. As described above, colorinxtric 
analysis may be performed using a white light source and a color CCD detector. However, color CCD detectors are 
typically more expensive than gray scale CCD detectors. 

In one embodiment, a gray scale CCD detector may be used to detect colorimetric changes. In one 
embodimenl, a gray scale detector may be disposed below a sensor anay to measure the intensity of light being 
uansmittcd through the sensor array. A series of lights (e.g., light emitting diodes) may be arranged above the 
sensor array. In one embodiment, groups of three LED lights may be onanged above each of the cavities of the 
array. Each of these groups of LED lights may include a red, blue and a gTcen light. Eachofthe lightsmaybe 
operated individually such that one of the lights may be on while the other two lights arc oft In order to provide 
color information while using a gray scale detector, each of the lights is sequentially turned on and the gray scale 
detector is used to measure the intensity of the light passing through the sensor anay. After information from each 
of the lights is collected, the information may be processed to derive the absorption changes of the particle. 

In one embodimenl, the data collected by the gray scale detector may be recorded using 8 bits of data. 
Thus, the data will appear as a value between 0 and 255. The color of each chemical sensitive element may be 
represented as a red, blue and green value. For example, a blank panicle (i.e.. a panicle which docs not include a 
receptor) will typically appear white. When each of the LED lights (red, blue and green) are operated the CCD 
detector will record a value corresponding to the amount of light transmitted through the cavity. The intensity of 
the light may be compared to a blank panicle, to determine the absorbance of a panicle with respect to the LED 
light which is used. Thus, the red, green and blue components may be recorded individually without the use of a 
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color CCD detector, in ooe embodiment, it is found that a blank panicle exhibits an absorbance of about 253 when 
iUurninaied with a red LED, a value of about 250 when illuminated by a green LED. and a vaJuc of about 222 when 
illuminated with a blue LED. This signifies that a blank particle does not significantly absorb red, green or blue 
light When a particle with a receptor is scanned, the particle may exhibii a color change, due to absoibancc by the 
5 receptor. For example, it was found thai when a particle which includes a 5-carboxyfruoresccin receptor is 

subjected to white light, the panicle shows a strong absorbance of blue light. When a red LED is used to illuminate 
the particle, the gray scale CCD detector may detect a value of about 254. When the green LED is used, the gray 
scale detector may detect a value of about 218. When a blue LED light is used, a gray scale detector may detect a 
value of about 57. The decrease in transmitiancc of blue light is believed to be due to the absorbance of blue light 
10 by the 5-carboxyiluorescein. In this manner the color changes of a panicle may be quantitatively characterized 
using a gray scale detector. 

As described above, after the cavities are formed in the supporting member, a particle may be positioned at 
the bottom of a cavity using a micromanipulatoT. This allows the location of a particular panicle to be precisely 
controlled during the production of the array. The use of a micTomanipulator may, however, be impractical for 
1 5 production of sensor array systems. An alternate method of placing the panicles imo the cavities may involve the 
use of a silk screen like process. A series of masking materials may be placed on the upper surface of the sensor 
array prior to filling the cavities. The masking materials may be composed of glass, metal or plastic materials. A 
25 collection of particles may be placed upon the upper surface of the masking materials and the particles may be 

moved across the surface. When a cavity is encountered, a particle may drop into the cavity if the cavity is 
20 unmasked. Thus particles of known composition are placed in only the unmasked regions. After the unmasked 
cavities are filled, the masking pattern may be altered and a second type of particles may be spread across the 
30 surface. Preferably, the masking material will mask the cavities that have already been filled whh particle. The 

masking material may also mask other non-filled cavities. This technique may be repeated until all of the cavities 
are filled. After filling the cavities, a cover may be placed on the support member, as described above, to inhibit 
25 the displacement and rnixing of the panicles. An advantage of such a process is that it may be more amenable to 
2^ industrial production of supporting members. 

Further modifications and alternative embodiments of various aspects of the invention will be apparent to 
those skilled in the an in view of this description. Accordingly, this description is to be construed as illustrative 
only and is for the purpose of teaching those skilled in the art the general manner of carrying out the invention. It is 
30 to he understood that the forms of the invention shown and described herein are to be taken as the presently 

preferred embodiments. Elements and materials may be substituted for those illustrated and described herein, pans 
and processes may be reversed, and certain features of the invention may be utilized independently, all as would be 
apparent to one skilled in the art after having the benefit of this description of the invention Changes may be made 
in the elements described herein without departing from the spirit and scope of the inventioo as described in the 

45 
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50 



41 



40 



55 



Claims 



5 



10 



15 



20 



25 



30 



35 



40 



45 



55 



WO 00/04372 



PCT/US99/I6I62 



What is claimed is: 

1 . A system for detecting an analytc in a fluid comprising: 
a light source; 

a sensor amy, the sensor array comprising a supporting member comprising at least one cavity formed 
within the supporting member; 

a particle, the particle positioned within the cavity, wherein the particle is configured to produce a 
signal when the panicle interacts with the analyte during use; and 

a detector, the detector being configured to detect the signal produced by the interaction of the analyte 
with the particle during use; 

wherein the light source and detector are positioned such that light passes from the light source, to the 
particle, and onto the detector during use. 

2. The system of claim 1, wherein the system comprises a plurality of particles positioned within a 
plurality of cavities, and wherein the system is configured lo substantially simultaneously detect a 
plurality of analytes in the fluid. 

3. The system of claim I. wherein the system comprises a plurality of particles positioned within the 
cavity. 

4. The system of claim 1 , wherein the light source comprises a light ermtting diode. 

5. The system of claim 1 , wherein the light source comprises a white light source. 

6. The system of claim 1 , wherein the sensor array further comprises a bottom layer and a top cover layer, 
wherein the bottom layer is positioned below a bottom surface of the supporting member, and wherein 
the top cover layer is positioned above the upper surface of the supporting member, and wherein the 
bottom layer and the top cover layer arc positioned such that the particle is substantially contained 
within the cavity by the bottom layer and the top cover layer. 

7. The system of claim 6, wherein the bottom layer and the top cover layer are substantially transparent to 
light produced by the light source. 

8. The system of claim 1 , wherein the sensor array further comprises a bottom layer and a top cover layer, 
wherein the bottom layer is coupled to a bottom surface of the supporting member, and wherein the top 
cover layer is coupled to a top surface of the supporting member, and wherein both the bottom layer 
and the top cover layer are coupled to the supporting member such that the panicle is substantially 
contained within the cavity by bottom layer and the top cover layer. 
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9. The system of claim 8, wherein the bottom layer and the top cover layer arc substantially transparent to 
light produced by the light source. 

10. The system of claim 1, wherein the sensor array further comprises a bottom layer coupled to the 
supporting member, and wherein the supporting member comprises silicon, and wherein the bottom 

. layer comprises silicon nitride. . 

1 1 . The system of claim 1 , wherein the sensor array further comprises a sensing cav ity formed on a bottom 
surface of the sensor array. 

12. The system of claim I, wherein the supporting member is formed from a plastic material, and wherein 
the sensor array further comprises a top cover layer, the top cover layer being coupled to the 
supporting member such that the particle is substantially contained within the cavity, and wherein the 
top cover layer is configured to allow the fluid to pass through the top cover layer to the particle, and 
wherein both the supporting member and the top cover layer are substantially transparent to light 
produced by the light source. 

13. The system of claim 1 . further comprising a fluid delivery system coupled tD the supporting member. 

14. The system of claim 1 , wherein the detector comprises a charge-coupled device. 

15. The system of claim I, wherein the detector comprises an ultraviolet detector. 

16. The system of claim I , wherein the detector comprises a fluorescence detector. 

17. The system of claim 1 , wherein the detector comprises a semiconductor based photodetector, and* 
wherein the detector is coupled to the sensor array. 

1 8. The system of claim I , wherein the particle ranges from about 0.05 micron to about 500 microns. 

19. The system of claim 1, wherein a volume of the particle changes when contacted with the fluid. 

20. The system of claim 1 , wherein the panicle comprises a metal oxide particle. 

21. The system of claim 1, wherein the particle comprises a metal quantum particle. 

22. The system of claim 1 , wherein the particle comprises a semiconductor quantum particle. 
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23. The system of claim I, wherein the pamcle comprises a receptor molecule coupled 10 a polymeric 
resin. 

24. The system of claim 23, wherein the polymeric icsin comprises polystyrene-polyethylene glycol- 
divinyl benzene. 

2< . The system of claim 23, wherein the receptor molecule produces the signal in response to the pH of the 
fluid. 

26. The system of claim 23, wherein the analyte comprises a metal ion, and wherein the receptor produces 
the signal in response to the presence of the metal ion. 

27. The system of claim 23, wherein the analyte comprises a carbohydrate, and wherein the receptor 
produces b signal in response to the presence of a carbohydrate. 

28. The system of claim 23, wherein the particles further comprises a first indicator and a second indicator, 
the first and second indicators being coupled to the receptor, wbeiein the interaction of the receptor 
with the analyte causes the first and second indicators to interact such that the signal is produced. 

29. The system of claim 23, wherein the particles further comprises an indicator, wherein the indicator is 
associated with the receptor such that in the presence of the analyte the indicator is displaced from the 
receptor to produce the signal. 

30. The system of claim 23, wherein the receptor comprises a polynucleotide. 

3 1 . The system of claim 23 , wherein the receptor comprises a peptide. 

32. The system of claim 23, wherein the receptor comprises an enzyme. 

33. The system o f claim 23, wherein the receptor comprises a synthetic receptor. 

34. The system of claim 23, wherein the receptor comprises an unnatural biopolyraer. 

35. The system of claim 23, wherein the receptor comprises an antibody. 

36. The system of claim 23. wherein the receptor comprises an antigen. 

37. The system of claim 1 , wherein the analyte comprises phosphate functional groups, and wherein the 
particle is configured to produce the signal in the presence of the phosphate functional groups. 
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5 38. The system of claim 1 , wherein the analyte comprises bacteria, and wherein the particle is configured 

to produce the signal in the presence of the bacteria. 

39. The system of claim 1 , wherein the system comprises a plurality of particles positioned within a 

10 5 plurality of cavities, and wherein the plurality of panicles pioduce a detectable pattern in the presence 

of the analyte. 

40. A system for detecting an anaryte in a fluid comprising: 
j g a light source; 

10 a sensor array, the sensor array comprising a supporting member comprising a plurality of cavities 

formed within the supporting member, wherein the supporting member comprises silicon; 
a plurality of particles, the particles comprising a receptor molecule covalently linked to a polymeric 
resin, wherein the particles are positioned within the cavities, and wherein each of the particles is 
configured to produce a signal when the particle interacts with the analyte during use; and 
1 5 a detector configured to detect the signal produced by the interaction of the anaryte with the particle 

during use; 

wherein the light source and detector are positioned such that light passes from the light source, to the 
particle, and onto the detector during use. 

20 41. The system of claim 40, wherein the system is configured to substantially simultaneously detect a 
plurality of anaiytes in the fluid. 

42. The system of claim 40, wherein each cavity is configured to hold a single particle. 

25 43. The system of claim 40, wherein each cavity is configured to hold a plurality of particles. 

35 

44. The system of claim 40, wherein the sensor array further comprises a bottom layer and a top cover 
layer, wherein the bottom layer is positioned below a bottom surface of the supporting member, and 
wherein the top cover layer is positioned above the upper surface of the supporting member, and 

4 q 30 wherein the bottom layer and the top cover layer are positioned such thai the particle is substantially 

contained within the cavity by the bottom layer and the top cover layer. 

45. The system of claim 44. wherein the bottom layer and the top cover layer are substantially transparent 
to light produced by the light source. 

35 

46. The system of claim 40, wherein the sensor array further comprises a bottom layer and a top cover 
layer, wherein the bottom layer is coupled to a bottom surface of the supporting member, and wherein 
the top cover layer is coupled to a top surface of the supporting member; and wherein both the bottom 

50 layer and the top cover layer are coupled to the supporting member such that the particle is 
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substantially contained within the cavity by bottom layer and the top cover layer. 

47. The system of claim 46, wherein the bottom layer and the top cover layer are substantially transparent 
to light produced by the light source. 

48. The system of claim 40, wherein the sensor array further comprises a bottom layer coupled to the 
supporting member, and wherein the bottom layer comprises silicon nitride. 

49. The system of claim 40, wherein the sensor array further comprises a sensing cavity formed on a 
bottom surface of the sensor array. 

50. The system of claim 40, further comprising a fluid delivery system coupled to the supporting member. 
5 ! . The system of claim 40, wherein the detector comprises a charge-coupled device. 

52. The system of claim 40, wherein the detector comprises a semiconductor based photodetector, and 
wherein the detector is coupled to the sensor array. 

53. The system of claim 40, wherein the particle ranges from about 0.05 micron to about 500 microns. 

54. The system of claim 40, wherein a volume of the particle changes when contacted with the fluid. 

55 . The system of claim 40. wherein the polymeric bead comprises a polystyrene-polyethylene gh/col- 
divinyl benzene resin. 

56. The system of claim 40, wherein the receptor molecule produces the signal in response to the pH of the 
fluid 

57. The system of claim 40, wherein the analyte comprises a metal ion, and wherein the receptor produces 
the signal in response to the presence of the metal ion. 

58. The system of claim 40, wherein the analyte comprises a carbohydrate, and wherein the receptor 
produces a signal in response to the presence of the carbohydrate. 

59. The system of claim 40, wherein the particles further comprises a first indicator and a second indicator, 
the first and second indicators being coupled to the receptor, wherein the interaction of the receptor 
with the analyte causes the first and second indicators to interact such thai the signal is produced. 

60. The system of claim 40, wherein the particles further comprises an indicator, wherein the indicator is 
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associated with the receptor such thai to the presence of the analyie the indicator is displaced from the 
receptor to produce the signal. 

61. The system of claim 40, wherein the receptor comprises a polynucleotide. 

62. The system of claim 40, wherein ibe receptor comprises a peptide. 

63. The system of claim 40, wherein the receptor comprises ao enzyme. 

64. The system o f claim 40, wherein the receptor comprises a synthetic receptoi. 

65. The system of claim 40, wherein the receptor comprises an unnatural biopolymer. 

66. The system of claim 40, wherein the receptor comprises an antibody. 

67. The system of claim 40. wherein the receptor comprises an antigen. 

68. The system of claim 40, wherein the particles produce a detectable pattern in the presence of the 
anaryte. 

69. A sensor array for detecting an anaryte in a fluid comprising: 

□ supporting member; wherein at least one cavity is formed within the supporting member; 

a particle positioned within the cavity, wherein the particle is configured to produce a signal when the 

particle interacts with the analyte. 

70. The sensor array of claim 69, further comprising a plurality of particles positioned within the cavity. 

71. The sensor array of claim 69, wherein the panicle comprises a receptor molecule coupled to a 
polymeric resin. 

72. The sensoT array of claim 69. wherein the particle has a size ranging from about 0.05 micron to about 
500 microns in diameter. 

73. The sensor array of claim 69, wherein the particle has a size ranging from about 0.05 micron to about 
500 microns in diameter, and wherein the cavity is configured to substantially contain the particle. 

74. The sensor array of claim 69. wherein the supporting member comprises a plastic material. 

75. The sensor array of claim 69. wherein the supporting member comprises a silicon wafer. 
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5 76. The sensor array of claim 75. wherein the caviry extends through the silicon wafer. 

77. The sensor array of claim 75,wherein the cavity is substantially pyramidal in shape and wherein the 
side-walls of the cavity are substantially tapered at an angle of between about 50 to about 60 degrees, 

10 ^ 

78. The sensor array of claim 75, further comprising a substantially transparent layer positioned on a 
bottom surface of the silicon wafer. 
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79. The sensor array of claim 75, further comprising a substantially transparent layer positioned on a 
1 o bottom surface of the silicon wafer, wherein the substantially transparent layer comprises silicon 

dioxide, silicon nitride, or silicon oxide/silicon nitride multilayer stacks. 

80. The sensor array of claim 75, further comprising a substantially transparent layer positioned on a 
bottom surface of the silicon wafer, wherein the substantially transparent layer comprises silicon 

15 nitride. 

81. The sensor array of claim 75. wherein the silicon wafer has an area of about I cm 2 to about 1 00 on 2 . 

82 . The sensor array of claim 75, further comprising a plurality of cavities formed in the silicon wafer, and 
20 wherein from about 1 0 to about 10* cavities arc formed in the silicon wafer. 

30 83 . The sensor array of claim 69, further comprising channels in the supporting member, wherein the 

c hanne ls are configured to allow die fluid to flow through the channels into and away from the cavity. 

25 84 . The sensor array of claim 69, further comprising an inner surface coating, wherein the inner surface 
3 5 coating is configured to inhibit dislodgment of the particle. 

85. The sensor array of claim 69, further comprising a detector coupled to the bottom surface of the 
supporting member, wherein the detector is positioned below the cavity. 

30 

86. The sensor array of claim 85, wherein the detector is a semiconductor based photodetector. 

87. The sensor array of claim 85, wherein the detector is a Fabry- Perot type detector. 

35 88. The sensor array of claim 85, further comprising an optical fiber coupled to the detector, wherein the 
optical fiber is configured to oansmit optical data to a microprocessor. 

89. The sensor array of claim 69, further comprising an optical filters coupled to a bottom surface of the 
sensor array. 
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90- The sensor srrey of claim 69, further comprising a hairier layer positioned over the cavity, the barrier 
layer being configured to inhibit dislodgracnt of the panicle during use. 

9 1 . The sensor array of claim 90, wherein the barrier layer comprises a substantially transparent cover 
plate positioned over the cavity, and wherein the cover plate is positioned a fixed distance over the 
cavity such that the fluid can enter the cavity. 

92. The sensor array of claim 91, wherein the barrieT layer comprises plastic, glass, quartz, silicon oxide, 
or silicon nitride. 

93. The sensor array of claim 69, further comprising a plurality of particles positioned within a plurality of 
cavities formed in the supporting member. 

94. The sensor array of claim 69, wherein the system comprises a plurality of particles positioned within a 
plurality of cavities, and wherein the plurality of particles produce a detectable pattern in the presence 
of the analytc. 

95. A sensor array for detecting an analyte in a fluid comprising: 

a supporting member, wherein the supporting member comprises a silicon wafer, and wherein a 
plurality of cavities are formed within the supporting member; 

a plurality of particles, at least one particle being positioned in each of the cavities, wherein the 
particles are configured to produce a signal when the particles interact with the analyte. 

96. The sensor array of claim 95, wherein a plurality of particles is positioned within each of the cavities. 

97. The sensor array of claim 95, wherein the particles comprise a receptor molecule coupled to a 
polymeric bead. 

98. The sensor array of claim 95, wherein the cavity extends through the supporting member. 

99. The sensor array of claim 95, wherein the cavity is substantially pyramidal in shape and wherein the 
sidcwalls of the cavity arc substantially tapered at an angle of between about 50 to about 60 degrees. 

1 00. The sensor array of claim 95, further comprising a substantially transparent layer positioned on a 
bottom surface of the supporting member. 

101. The sensor array of claim 95, further comprising a substantially transparent layer positioned on a 
bottom surface of the silicon wafer, wherein the substantially transparent layer comprises silicon 
dioxide, silicon nitride, or silicon oxide/silicon nitride multilayer stacks. 
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102. The sensor array of claim 95, further comprising a substantially transparent layer positioned on 8 
bottom surface of tbe silicon wafier, wherein the substantially transparent layer comprises silicon 
nitride. 

5 103. The sensor amy of claim 95, wherein the silicon wafer has an area of about I cm : to about 1 00 era 2 . 

104. The sensor an ay of claim 95, further comprising a plurality of cavities formed in the silicon wafer, and 
wherein from about 10 to about 10* cavities are formed in the silicon wafer. 

10 105. The sensor array of claim 95, further comprising channels in ibe supporting member, wherein the 
channels are configured to allow the fluid to flow through the channels into and away from the 
cavities. 

106. The sensor array of claim 95, further comprising an inner surface coating, wherein the inner surface 
1 5 coating is configured to inhibit dis lodgment of the particle. 

107. The seosor array of claim 95, further comprising a detector coupled to the bottom surface of the 
supporting member, wherein the detector is positioned below the cavity. 



20 1 08. The sensor array of claim 1 07, wherein the detector is a semiconductor based photodetector. 

30 1 09. The sensor array of claim 1 07, wherein the detector is a Fabry-Perot type detector. 

1 10. The sensor array of claim 107, further comprising an optical fiber coupled to the detector, wherein the 

25 optical fiber is configured to transmit optical data to a microprocessor. 



111. The sensor array of claim 95, further comprising a barrier layer positioned over the cavity, the barrier 
layer being configured to inhibit dis lodgment of the particle during use. 

30 112. The sensor array of claim 111, wherein the barrier layer comprises a cover plate positioned over the 

cavity, and wherein the cover plate is positioned a fixed distance over the cavity such that the fluid can 
enter the cavity. 

1 13. The sensor array of claim 111, further comprising channels in the supporting member, wherein the 
35 channels are configured to allow the fluid to flow through the channels into and away from the 

cavities, and wherein the barrier layer comprises a cover plate positioned upon an upper surface of the 
supporting member, and wherein the cover plate inhibits passage of the fluid into the cavities such that 
the fluid enters the cavities via the channels. 
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5 114. The sensor array of claim Ml, wherein the barrier layer comprises plastic, class, quartz, silicon oxide. 

Of silicon nitride. 

115. A method for forming a sensor array configured to detect an analyte in a fluid, comprising: 
70 5 forming a cavity in a supporting member, wherein the supporting member comprises a silicon wafer, 

placing a particle in the cavity, wherein the particle is configured to produce a signal when the particle 
interacts with the analyte; and 

forming a cover upon a portion of the supporting member, wherein the cover is configured to inhibit 
1 5 dislodgraem of the particle from the cavity. 
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1 1 6. The method of claim 115, wherein forming the cavity comprises anisotropicaily etching the silicon 
wafer. 

117. The method of claim 115, wherein forming the cavity comprises anisotjopically etching the silicon 
wafer with a wet hydroxide etch. 

1 18. The method of claim 115, wherein forrning the cavity comprises anisotropicaily etching the silicon 
wafer such thai side walls of the cavity are tapered at an angle from about 50 degrees to about 60 
degrees. 

1 1 9. The method of claim 1 1 5, wherein the silicon wafer has an area of about 1 cm 1 to about 100 car. 



120. The method of claim 115, further comprising forrning a substantially transparent layer upon a bottom 
surface of the silicon wafer below the cavity. 

25 

35 121. The method of claim 115, further comprising forming a substantially transparent layer upon a bottom 

surface of the silicon wafer, wherein the cavity extends through the silicon wafer and wherein the 
substantially transparent layer is positioned to support the particle. 



30 122. The method of claim 115, wherein the substantially transparent layer comprises silicon nitride. 

123. The method of claim 1 1 5, wherein the cover comprises plastic, glass, quartz, silicon nitride, or silicon 
oxide, 

35 1 24. The method of claim 115. wherein forming the cover comprises coupling the cover to the silicon wafer 
at a distance above the silicon wafer substantially less than a width of the particle. 

125. The method of claim 1 1 5, further comprising etching channels in the silicon wafer prior to forming the 
cover on the silicon wafer, wherein forming the cover comprises placing the cover against the upper 
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5 surface of the silicon wafer, and wherein the channels ore configured to allow the fluid to pass through 

the silicon wafer to and from the cavities. 

126. The method of clafm 1 1 5, further comprising coating an inner surface of the cavity with a material to 
j p 5 increase adhesion of the particle to the inner surface of the cavity. 
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127. The method of claim 1 1 5, further comprising coating an inner surface of the cavity with a material to 
increase reflectivity of the inner surface of the cavity. 

10 1 28. The method of claim 1 1 5, further comprising forming an optical detector upon a bottom surface of the 
supporting member below the cavity. 

129. The method of claim 1 15, further comprising forming a sensing cavity upon a bottom surface of the 
supporting member below the cavity. 

15 

1 30. The method of claim 129. wherein forming the sensing cavity comprises: 
forming a barrier layer upon a bottom surface of the silicon wafer; 
forming a bottom diaphragm layer upon the barrier layer; 

forming etch windows extending through the bottom diaphragm layer; 
20 forming a sacrificial spacer layer upon the bottom diaphragm layer, 

removing a portion of the spacer layer, 
30 forming a top diaphragm layer; and 

removing a remaining portion of the spacer layer. 

25 131. The method of claim 130, further comprising filling a portion of the sensing cavity with a sensing 
35 substrate. 

1 32. The method of claim 1 1 5. further comprising forming an optical filter upon the bottom surface of the 
supporting member. 

30 

1 33. The method of claim 1 15, further comprising forming a plurality of cavities in the silicon wafer. 

134. The method of claim 115, wherein from about 10 to about 10* cavities are formed in me silicon wafer. 

35 135. A sensor array produced by the method of claim 115. 

1 36. A method of sensing an analyte in a fluid comprising: 

passing a fluid over a sensor array, the sensor array comprising at least one particle positioned within a 
cavity of a supporting member, 
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monitoring a spectroscopic change of the panicle as the fluid is passed over the sensor array, wherein 
the spectroscopic change is caused by the interaction of the anaiyte with the particle. 

137. Tbe method of claim 136, wherein the spectroscopic change comprises a change in absorbance of the 
5 particle. 

138. The method of claim 1 36, wherein the spectroscopic change comprises a change in fluorescence of the 
particle. 

10 139. Tbe method of claim 1 36, wherein the spectroscopic change comprises a change in phosphorescence of 
the panicle. 



25 



140. The method of claim 1 36, wherein the anaiyte is a proton atom, and wherein the spectroscopic change 
20 is produced when tbe pH of the fluid is varied, and wherein monitoring the spectroscopic change of the 

1 5 particle allows the pi! of the fluid to be determined. 

141. The method of claim 1 36. wherein the anaiyte is a metal cation, and wherein the spectroscopic change 
25 is produced in response to the presence of the metal canon in the fluid. 

20 142. The method of claim 136, wherein the anaiyte is an anion, and wherein the spectroscopic change is 
produced in response to the presence of the anion in the fluid. 

30 

143 . The method of claim 1 3 6, wherein the anaiyte is a DNA molecule, and wherein the spectroscopic 
change is produced in response to tbe presence of the DNA molecule in the fluid. 

1 44 . The method of claim 1 36, wherein the anaiyte is a protein, and wherein the spectroscopic change is 
produced in response to the presence of the protein in the fluid. 

145. The method of claim 136, wherein the anaiyte is a metabolite, and wherein the spectroscopic change is 
30 produced in response to the presence of the metabolite in the fluid. 

146. The method of claim 1 36, wherein the anaiyte is a sugar, and wherein the spectroscopic change is 
produced in response to the presence of the sugar in the fluid. 

45 35 147. The method of claim 1 36, wherein the anaiyte is a bacteria, and wherein the spectroscopic change is 

produced in response to the presence of the bacteria in the fluid. 

148. The method of claim 1 36, wherein the particle comprises a receptor coupled to a polymeric resin, and 
50 further comprising exposing the particle to an indicator prior to passing the fluid over the sensor array. 
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1 49. The method of claim 148. wherein a binding strength of the indicator to the receptor is less than a 
binding strength of the analyte to the Teceptor. 

1 50. The method of claim 148. wherein the indicator is a fluorescent indicator. 

5 

1 5 1 . The method of claim 136, funhcr comprising treating the fluid with an indicator prior to passing the 
fluid over the sensor array, wherein the indicator is configured to couple with the analyte. 

152. The method of claim 136. wherein the analyte is bacteria and further comprising breaking down the 

15 

10 bacteria prior to passing the fluid over the sensor array. 

153 . The method of claim 1 36, wherein monitoring the spectroscopic change is performed with a CCD 
device. 



20 



25 



40 



15 154. The method of claim 136, further comprising measuring the intensity or the spectroscopic change, and 
further comprising calculating the concentration of the analyte based on the intensity of the 
spectroscopic change. 



155. A sensor amy for detecting an analyte in a fluid comprising: 
20 a supporting member, wherein the supporting member comprises a silicon wafer, and wherein a 

plurality of cavities are formed within the supporting member; 
30 a plurality of particles, at least one particle being positioned in each of the cavities, wherein the 

particles are configured to produce a signal when the particles interact with the analyte. 

25 1 56. A method of sensing an analyte in a fluid comprising: 
35 passing a fluid over a sensor amy, the sensor array comprising: 

a supporting member, wherein the supporting member comprises a silicon wafer, and wherein 
a plurality of cavities are formed within the supporting member, and 
a plurality of particles, at least one particle being positioned in each of the cavities, wherein 
30 me particles are configured to produce a signal when the particles interact with the analyte at 

least one particle positioned within a cavity of a supporting member, 
monitoring a spectroscopic change of the particle as the fluid is passed over the sensor array, wherein 
the spectroscopic change is caused by the interaction of the analyte with the particle. 

45 35 157. The method of claim 156, wherein the specuoscopic change comprises a change in absorbance of the 

particle. 



158. 



The method of claim 156, wherein the specuoscopic change comprises a change in reflectance of the 



50 particle. 
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159. The method of claim 156, wherein the spectroscopic change comprises o change in fluorescence of the 
particle. 

1 60. The method of claim 1 56, wherein the spectroscopic change comprises a change in phosphorescence of 
the particle. 

161. The method of claim 156, wherein the analyte is a proton atom, and wherein the spectroscopic change 
is produced when the pH of the fluid is varied, and wherein monitoring the spectroscopic change of the 
particle allows the pH of the fluid to be determined. 

162. The method of claim 156, wherein the analyte is a metal cation, and wherein the specaoscopic change 
is produced in response to the presence of the metal cation in the fluid. 

1 63. The method of claim 1 56, wherein the particle comprises a receptor coupled to a polymeric resin, and 
further comprising exposing the particle to an indicator prior to passing the fluid over the sensor array. 

1 64. The method of claim 1 56, wherein a binding strength of the indicator to the receptor is less than a 
binding strength of the analyte to the receptor. 

1 65. The method of claim 1 56, wherein the indicator is a fluorescent indicator. 

166. The method of claim 1 56, further comprising treating the fluid with an indicator prior to passing the 
fluid over the sensor array, wherein the indicator is configured to couple with the analyte. 

167. The method of claim 156, wherein the analyte is bacteria and further comprising breaking down the 
bacteria prior to passing the fluid ova the sensor array. 

1 68. The method of claim 1 56, wherein monitoring the spectroscopic change is performed with a CCD 
device. 

1 69. The meihod of claim 1 56, further comprising measuring the intensity of the spectroscopic change, and 
further comprising calculating the concentration of the analyte based on the intensity of the 
spectroscopic change. 

170. A system for detecting an analyte in a fluid comprising: 
a light source; 

a sensor array, the sensor array comprising at least one panicle coupled to the sensor array, wherein the 

particle is configured to produce a signal when the particle interacts with the analyte; and 

a detector configured to detect the signal produced by the interaction of the analyte with the particle; 
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wherein the tight source and detector are positioned such that light passes from the light source, to the 
panicle, and onto ihe detector during use. 

1 7 1 . A sensor array for detecting an analyte in a fluid comprising: 

5 a t ieas t one partic le coupled to the sensor array, wherein the particle is configured to produce a 

signal when the particle interacts with the anaryte. 

172. A method of sensing an anatytr in a fluid comprising: 

passing a fluid over a sensor array, the sensor array comprising at least one particle coupled to a 
10 supporting member; 

monitoring a spectroscopic change of the particle as the fluid is passed over the sensor array, wherein 
the spectroscopic change is caused by the interaction of the analyte with the particle. 

1 73. A sensor array for detecting an anaryte in a fluid comprising: 

a supporting member; wherein at least one cavity is formed within the supporting member; 
! 5 a particle positioned within the caviry, wherein the particle is configured to produce a signal when the 

particle interacts with the analyte; 

wherein the cavities arc configured to allow the fluid to pass through the supporting member Airing 



20 174. -The sensor array of claim 173, further comprising a plurality of particles positioned within the cavity. 

30 1 75. The sensor array of claim 173, wherein the particle comprises a receptor molecule coupled to a 

polymeric Tcsin. 

25 176. The sensor array of claim 173, wherein the particle has a siw rarigmg ft™ about 0.05 rmcTon to about 
35 500 microns in diameter. 

177. The sensor array of claim 1 73, wherein the cavity is configured to substantially contain the particle. 



30 1 78. The sensor array of claim 1 73, further comprising a cover layer coupled to the supporting member and 
a bottom layer coupled to the supporting member, wherein the cover layer and the bottom layer are 
removable. 



179. The sensor array of claim 173, further comprising a cover layer coupled to the supporting member and 
35 a bottom layer coupled to the supporting member, wherein the cover laycr'and the bottom layer are 

removable, and wherein the cover layer and the bottom layer include openings that are substantially 
aligned with the cavities during use. 

50 j g0 Thc sensor of claijn 1 73, further comprising a cover layer coupled to the supporting member and 
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a bottom layer coupled to the supporting member, wherein the bottom layer is coupled to e bottom 
surface of the supporting member and whrrein the cover layer is removable, and wherein the cover 
layer and the bottom layer include openings that axe substantially aligned with the cavities during use. 

181. The sensor array of claim 1 73, further comprising a cover layer coupled to the supporting member and 
a bottom layer coupled to the supporting member, wherein an opening is formed in the cover layer 
substantially aligned with the cavity, and wherein an opening is formed in the bottom layer 
substantially aligned with the cavity. 

182. The sensor array of claim 173, wherein the caviiy is substantially tapered such that the width of the 
caviry narrows in a direction from a top surface of the supporting member toward a bottom surface of 
the supporting member, and wherein a minimum width of the cavity is substantially less than a width 
of the particle. 

1 83 . The sensor array of claim 1 73, wherein a width of a bottom portion of the cavity is substantially less 
than a width of a top portion of the caviry, and wherein the width of the bottom portion of the cavity is 
substantially less than a width of the particle. 

1 84. The sensor array of claim 1 73, further comprising a cover layer coupled to the supporting member and 
a bottom layer coupled to the supporting member, wherein the bottom layer is configured to support 
the particle, and wherein an opening is formed in the cover layer substantially iligued with the cavity. 

185. The sensor array of claim 1 73, further comprising a removable cover layer coupled to the supporting 
member. 

186. The sensor array of claim 173. wherein the supporting member comprises a plastic material. 

187. The sensor array of claim 173, wherein the supporting member comprises a silicon wafer. 

188. The sensor array of claim 1 73, wherein the supporting member comprises a dry film photoresist 
material. 

1 89. The sensor array of claim 1 73, wherein the supporting member comprises a plurality of layers of a dry 
film photoresist material. 

190. The sensor array of claim 173. wherein an inner surface of the caviry is coated with a reflective 
material. 

191. The sensor array of claim 173. further comprising channels in the supporting member, wherein the 
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channels arc configured to allow ihc fluid to flow through the channels into and away from the cavity. 



192. The sensor array of claim 1 73, further comprising a phiraliry of additional particles positioned within a 
plurality of additional cavities formed in the supporting iDembcr. 

5 

1 93. A system for detecting an onalyte in a fluid comprising: 
a light source; 

a sensor array, the sensor array comprising a supporting member comprising at least one cavity formed 
within the supporting member, wherein the cavity is configured such that the fluid entering the covify 
] o passes through the supporting member during use; 

a particle, the particle positioned within the cavity, wherein the particle is configured to produce a 
signal when the particle interacts with the analyte during use; and 

a detector, the detector being configured to detect the signal produced by the interaction of the analyte 
with the particle during use; 

1 5 wherein the light source and detector are positioned such that light passes from the light source, to the 

particle, and onto the detector during use. 

25 1 94. The system of claim 1 93, wherein the system comprises a plurality of particles positioned within a 

plurality of cavities, and wherein the system is configured to substantially simultaneously detect a 
20 plurality of analytes in the fluid. 
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1 95 . The system of claim 1 93, wherein the system comprises a plurality of particles positioned within the 
cavity. 

25 196. The system of claim 1 93, wherein the light source comprises a light emitting diode. 

1 97. The system of claim 1 93, wherein the light source cornprises a red light enuning diode, a blue light 
emitting diode, and a green light cmimng diode. 

30 1 98. The system of claim 1 93. wherein the light source comprises a white light source. 



199. The system of claim 193, wherein the sensor array further comprises a cover layer coupled to the 
supporting member and a bottom layer coupled to the supporting member, wherein the cover layer and 
the bottom layer are removable. 

35 

200. The system of claim 1 93, wherein the sensor array further comprises a covct layer coupled to the 
supporting .member and a bottom layer coupled to the supporting member, wherein the cover layer and 
the bottom layer are removable, and wherein the cover layer and the bottom layer include openings 

50 that are substantially aligned with the cavities during use. 
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201. The system of claim 193, wherein the sensor array further comprises 8 cover byer coupled to the 
supporting member and a bottom layer coupled to the supporting member, wherein the bottom byer is 
coupled to a bottom surface of the supporting member and wherein the cover layer is removable, and 
wherein the cover layer and the bottom layer include openings that are substantially aligned with the 
cavities during use. 

202. The system of claim 193, wherein the sensor array further comprises a cover layer coupled to the 
supporting member and a bottom byer coupled to the supporting member, wherein an opening is 
formed in the cover byer substantially aligned with the cavity, and wherein an opening is formed in 
the bottom byer substantially aligned with the cavity. 

203. The system of claim 193, wherein the cavity is substantially tapered such that the width of the cavity 
narrows in a direction from a top surface of the supporting member toward a bottom surface of the 
supporting member, and wherein a minimum width of the cavity is substantially less than a width of 
the panicle. 

204 . The system of claim 1 93, wherein a width of a bottom portion of the cavity is substantially less than a 
width of a top portion of the cavity, and wherein the width of the bottom portion of the cavity is 
substantially less than a width of the particle. 

205. The system of cbim 1 93, wherein the sensor array further comprises a cover layer coupled to the 
supporting member and a bottom byer coupled to the supporting member, wherein the bottom layer is 
configured to support the panicle, and wherein an opening is formed in the cover layer substantially 
aligned with tbe cavity. 

206. Tbe system of cbim 1 93, further comprising a removable cover layer. 

207. The system of cbim 193, wherein the supporting member comprises a plasuc material. 

208. The system of cbim 1 93, wherein the supporting member comprises a silicon wafer. 

209. The system of cbim 1 93, wherein the supporting member comprises a dry film photoresist material. 

210. The system of cbim 193, wherein the supporting member comprises a plurality of layers of a dry film 
photoresist material. 

211. The system of cbim 1 93. wherein an inner surface of the cavity is coated with a reflective material 

2 12. The system of claim 1 93, further comprising channek in the supporting member, wherein the channcb 
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are configured to allow the fluid to How through the channels into and away from the cavity. 

2 13. The system of claim 193, wherein the detector comprises a charge- coupled device. 

2 14. The system of claim 193, wherein the detector comprises a semiconductor based photodetcctor, and 
wherein the detector is coupled to the sensor array. 

215. The system of claim 193, wherein the panicle comprises a receptor molecule coupled to a polymeric 
resin. 

2 1 6. The system of claim 215, wherein the polymeric resin comprises polystyrene-polyethylene glycol- 
divinyl benzene. 

217. The system of claim 2 1 5, wherein the receptor molecule produces the signal in response to the pH of 
the iluid. 

218. The system of claim 2 1 5, wherein the analyte comprises a metal ion, and wherein the receptor 
produces the signal in response to the presence of the metaj ion. 

2 19. The system of claim 2 1 5. wherein the analyte comprises a carbohydrate, and wherein the receptor 
produces a signal in response to the presence of a carbohydrate. 

220. The system of claim 215, wherein the panicles further comprises a first indicator and a second 
indicator, the fast and second indicators being coupled to the receptor, wherein the interaction of the 
receptor with the analyte causes the fust and second indicators to interact such that the signal is 
produced. 

22 1. The system of claim 215. wherein the particles further comprises an indicator, wherein the indicator is 
associated with the receptor such that in the presence of the analyte the indicator is displaced from the 
receptor lo produce (he signal. 

222. The system of claim 215, wherein the receptor comprises a polynucleotide. 

223. The system of claim 215, wherein the receptor comprises a peptide. 

224. The system of claim 2 1 5, wherein the receptor comprises an enzyme. 

225. The system o f claim 215, wherein the receptor comprises a synthetic receptor. 

226. The system of claim 2 1 5, wherein the receptor comprises an unnatural biopolymer. 
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227. The system of claim 215, wherein the receptor comprises an anribody. 

228. The system of claim 215, wherein the receptor comprises an antigen. 

229. The system of claim 193. wherein the analyte comprises phosphate functional groups, and wherein the 
particle is configured to produce the signal in the presence of the phosphate functional groups. 

230. The system of claim 193, wherein the analyte comprises bacteria, and wherein the particle is 
configured to produce the signal in the presence of the bacteria. 

23 1 . The system of claim 193, wherein the system comprises a plurality of particles positioned within a 
plurality of cavities, and wherein the plurality of particles produce a detectable pattern in the presence 
of the analyte. 



232. A sensor array for detecting an analyte in a fluid comprising: 

a supporting member; wherein at least one cavity is formed within the supporting member; 
a particle positioned within the cavity, wherein the particle is configured to produce a signal when the 
particle interacts with the analyte; and 
20 a pump coupled to the supporting member, wherein the pump is configured to direct the fluid towards 

the cavity; 

30 wherein a channel is formed in the supporting member, the channel coupling the pump to the cavity 

such that the fluid flows through the channel to the cavity during use. 

25 233 . The sensor array of claim 232, wherein the particle comprises a receptor molecule coupled to a 
35 polymeric resin. 

234. The sensor array of claim 232, wherein the supporting member comprises a plastic material. 

40 30 235. The sensor array of claim 232, wherein the supportmg member corrrorises a silicon wafer. 

236. The sensor array of claim 232. wherein the supporting member comprises a dry film photoresist 



45 



35 237. The sensor array of claim 232, wherein the supporting member comprises a plurality of layers of a dry 
film photoresist material 
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238. The sensor array of claim 232, wherein an inner surface of ihe cavity is coaied with a reflective 
material. 

239. The sensor anay of claim 232. further comprising a detector coupled to the bottom surface of the 
5 supporting member, wherein the detectoT is positioned below the cavity. 

240. The sensor array of claim 232, further comprising a barrier layer positioned over the cavity, the barrier 
layer being configured to inhibit dislodgment of the particle during use. 

10 241 . The sensor array of claim 232, further comprising a barrier layer positioned over the cavity, the barrier 
layer being configured to inhibit dislodgment of the particle during use, wherein the barrier layer 
comprises a transmission electron microscope grid. 

242. The sensor array of claim 232, further comprising a plurality of particles positioned within a plurality 
1 5 of cavities formed in the supporting member. 



243. The sensor array of claim 232, wherein the system comprises a plurality of particles positioned within 
25 a pi ura )ity of cavities, and wherein the plurality of particles produce a detectable pattern in the 

presence of the anaJyte. 

20 

244. The sensor array of claim 232, wherein the pump comprises a diaphragm pump. 



245. The sensor array of claim 232, wherein the pump comprises an electrode pump. 

25 246. The sensor anay of claim 232 whciein the pump comprises a piezoelectric pump. 

247. The sensor array of claim 232, wherein the pump comprises a pneumatic activated pump. 

248. The sensor anay of claim 232, wherein the pump comprises a heat activated pump. 

30 

249. The sensor array of claim 232, wherein the pump comprises a peristaltic pump. 

250. The sensor array of claim 232, wherein the pump comprises an clcctxoosmosis pump. 

35 25 1. The sensor array of claim 232, wherein the pump comprises an electrohydrodynamic pump. 

252. The sensor array of claim 232, wherein the pump comprises an electroosmosis pump and an 
electrohydrodynamic pump. 
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253. The sensor anay of claim 232, wherein the cavity is substantially tapered such that the width of the 
cavity narrows in a direction from a top surface of the supporting member toward a bottom surface of 
the supporting member, and wherein a rmnimum width of the cavity is substantially less than a width 
of the particle. 

254. The sensor array of claim 232, wherein a width of a bottom portion of the cavity is substantially less 
thao a width of a top portion of the cavity, and wherein the width of the bottom portion of the cavity is 
substantially less than a width of the particle. 



1 0 255. A system for detecting an anajyte in a fluid comprising: 
a light source; 

a sensor array, the sensor array comprising a supporting member comprising at teast one cavity formed 
within the supporting member, a pump coupled to the supporting member, wherein the pump is 
configured to direct the fluid towards the cavity, and wherein a channel is formed in the supporting 
15 member, the channel coupling the pump to the cavity such that the fluid flows through the channel to 

the cavity during use; 

a particle, the particle positioned within the cavity, wherein the particle is configured to produce a 
25 signal when the particle interacts with the analyte during use; and 

a detector, the detector being configured to detect the signal produced by the interaction of the analyte 
20 with the particle during use; 

wherein the light source and detector are positioned such that light passes from the light source, to the 
30 particle, and onto the detector during use. 

256. The system of claim 255, wherein the system comprises a plurality of particles positioned within a 
25 plurality of cavities, and wherein the system is configured to substantially simultaneously detect a 

32 plurality of analytes in the fluid. 

257. The system of claim 255, wherein the light source comprises a light ernirting diode. 



30 258. The system of claim 255, wherein the light source comprises a red light emitting dbde, a blue light 
emitting diode, and a green light emitting diode. 



259. The system of claim 255, wherein the light source comprises a white light source. 

35 260. The system of claim 255, wherein the supporting member comprises a plastic material. 

261. The system of claim 255, wherein the supporting member comprises a silicon wafer. 

50 262. The system of claim 255, wherein the supporting member comprises a dry film photoresist material. 
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5 263. The sysicm of claim 255, wherein the supporting member comprises a plurality of layers of a dry film 

photoresist material. 

264. The system of claim 255, wherein an inner surface of the cavity is coated with a Tefleclive materiel. 

10 5 

265. The system of claim 255, further comprising a barrier layer coupled to the supporting member, 
wherein the barrier layer is positioned over the cavity, the barrier layer being configured to inhibit 
dislodgment of the particle during use. 
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1 0 266. The system of claim 255 , wherein the pump comprises a diaphragm pump. 

267. The system of claim 255. wherein the pump comprises an electrode pump. 

268. The system of claim 255 wherein the pump comprises a piezoelectric pump. 

15 

269. The system of claim 255, wherein the pump comprises a pneumatic activated pump. 



270. The system of claim 255, wherein the pump comprises a heat activated pump. 

20 271 . The system of claim 255, wherein the pump comprises a peristaltic pump. 

30 272. The system of claim 255, wherein the pump comprises an electroosmosis pump. 

273. The system of claim 255, wherein the pump comprises an electrohydrodynamic pump. 

25 

35 274. The system of claim 255, wherein the pump comprises an elecuoosmosis pump and an 

electrohydrodynamic pump. 

275. The system of claim 255, wherein the cavity is substantially tapered such that Ac width of the cavity 
30 narrows in a direction from a top surface of the supporting member toward a bottom surface of the 

supporting member, and wherein a minimum width of the cavity is substantially less than a width of 
the particle. 



276. The system of claim 255. wherein a width of a bottom porrion of the cavity is substanually less than a 
35 width of a top portion of the cavity, and wherein the width of the bottom portion of the cavity is 

substantially less than a width of the particle. 

277. The system of claim 255, wherein the detector comprises a charge-coupled device. 
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5 278. The system of claim 255. wherein the panicle comprises a receptor molecule coupled to a polymeric 

resin. 

279. The system of claim 278, wherein the polymeric resin comprises polystyrene-polyethylene glycol- 
f 0 5 divinyl benzene. 

280. The system of claim 278. wherein the particles further comprises a first indicator and a second 
indicator, the fust and second indicators being coupled to the receptor, wherein the interaction of the 
receptor with the analytc causes the first and second indicators to interact such that the signal is 

10 produced. 

281. The system of claim 278, wherein the particles further comprises an indicator, wherein the indicator is 
associated with the receptor such that in the presence of the analytc the indicator is displaced from the 
receptor to produce the signal. 



15 



20 



282. The system of claim 278. wherein the receptor comprises a polynucleotide. 

25 283 . The system of claim 278, wherein the receptor comprises a peptide. 

20 284. The system of claim 278, wherein the receptor comprises an enzyme. 

30 285. The system o f claim 278 , wherein the receptor comprises a synthetic receptor. 

286. The system of claim 278, wherein the receptor comprises an unnatural biopolymcr. 

25 

35 287. The system of claim 278 , wherein the receptor comprises an antibody. 

288. The system of claim 278. wherein the receptor comprises an antigen. 

30 289. The system of claim 255. wherein the analytc comprises bacteria, and wherein the particle is 
configured to produce the signal in the presence of the bacteria. 

290. The system of claim 255, wherein the system comprises a plurality of panicles positioned within a 

plurality of cavities, and wherein the plurality of particles produce a detectable pattern in the presence 

35 of the analytc. 
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291 . A sensor amy for detecting an analyxc in a fluid comprising: 

' a supporting member; wherein a first cavity and a second cavity arc formed within the supporting 
member; 

a first particle positioned within the first envity; 
5 a second particle positioned within the second caviry, wherein the second particle comprises a reagent, 

wherein a portion of the reagent is removable from the second particle when contacted with b 
decoupling solution, and wherein the reagent is configured to modify the first particle, when the 
reagent is contacted with the first parriele, such that the first particle will produce a signal when the 
first particle interacts with the analyte during use; 
10 a first pump coupled to the supporting member, wherein the pump is configured to direct the fiuid 

towards the first cavity; 

a second pump coupled to the supporting member, wherein the second pump is configured to direct the 
decoupling solution towards the second cavity; 

wherein a first channel is formed in the supporting member, the first channel coupling the first pump to 
15 the first cavity such that the fluid flows through the first channel to the first cavity during use. and 

wherein a second channel is formed in the supporting member, me second channel coupling the second 
cavity to the first caviry such that the decoupling solution flows from the second cavity through the 
second channc 1 to the fust cavity during use. 

20 292. The sensor array of claim 29 1 , wherein the first particle comprises a receptor molecule coupled to a 
first polymeric resin, and wherein the second particle comprises an indicator molecule coupled to a 
second polymeric resin. 

293. The sensor array of claim 291 , wherein the first particle comprises an indicator molecule coupled to a 
25 first polymeric resin, and the second particle comprises a receptor molecule coupled to a second 

polymeric resin. 

294. The sensor array of claim 291, wherein the first particle comprises a first polymeric resin configured to 
bind to the receptor molecule, and wherein the second particle comprises the receptor molecule 

30 coupled to a second polymeric resin. 

295. The sensor array of claim 29 1 , wherein the supporting member comprises a plastic material. 

296. The sensor array of claim 29 1 , wherein the supporting member comprises a silicon wafer. 



35 



297. The sensor array of claim 29 1 , wherein the supporting member comprises a dry film photoresist 
material. 

293. The sensor array of claim 29 1 , wherein the supporting member comprises a plurality of layers of a dry 
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film photoresist material. 

299. The sensor array of claim 29 1 , wherein an inner surface of ihc first caviry is coated with a reflective 
material. 

300. The sensor array of claim 29 1 , further comprising a detector coupled to the bottom surface of the' 
supporting member, wherein the detector is positioned below the first caviry. 

301 . The sensor array of claim 291 , further comprising a plurality of additional particles positioned within a 
1 0 plurality of additional cavities formed in the supporting member, and wherein the second caviry is 

coupled to the additional cavities such that the reagent may be transferred from the second particle to 
the additional cavities during use. 



15 



302. The sensor anay of claim 291, wherein the first and second pumps comprise a diaphragm pump. 

303. The sensor array of claim 291, wherein the first and second pumps comprise an electrode pump. 

304. The sensor array of claim 291, wherein the fust pump comprises a diaphragm pump or an electrode 
pump and wherein the second pomp comprises a diaphragm pump or an electrode pump. 



20 



305 . The sensor array of claim 291, wherein the first cavity is substantially tapered such that the width of 
the first cavity narrows in a direction from a top surface of the supporting member toward a bottom 
surface of the sur^porring member, and wherein a minimum width of the first caviry is substantially less 
than a width of the first particle, and wherein the second cavity is substantially tapered such that the 

25 width of the second cavity narrows in a direction from a top surface of the supporting member toward 

a bottom surface of the supporting member, and wherein a minimum width of the second cavity is 
substantially less than a width of the second particle. 

306. The sensor array of claim 29 1 , wherein a width of a bottom portion of the first caviry is substantially 
30 less than a width of a top portion of the first cavity, and wherein the width of the bottom portion of the 

first caviry is substantially less than a width of the first particle, and wherein a width of a bottom 
portion of the second caviry is substantially less than a width of a top portion of the second cavity, and 
wherein the width of the bottom portion of the second caviry is substantially less than a width of the 
second particle. 



35 



307. The sensor array of claim 29 1 , further comprising a reservoir coupled to the second pump, the 
reservoir configured to hold the decoupling solution. 
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308. A system for detecting an anaiyte in a fluid comprising: 
a light source; 

a sensor array, the sensor array comprising: 

a supporting member; wherein a first cavity and a second caviry arc formed wiihin the supporting 

member; 

a first particle positioned within the first cavity; 

a second particle positioned within the second cavity, wherein the second particle comprises a 
reagent, wherein a portion of the reagent is removable from the second panicle when 
contacted with a decoupling solution, and wherein the reagent is configured to modify the first 
panicle, when the reagent is contacted with the first particle, such that the first panicle will 
produce a signal when the first particle interacts with the anaiyte during use; 
a first pump coupled to the supporting member, wherein the pump is configured to direct the 
fluid towards the first cavity; 

a second pump coupled to the supporting member, wherein the second pump is configured to 
direct the decoupling solution towards the second cavity; 

wherein a first channel is formed in the supporting member, the first chancel coupling the first 
pump to the first cavity such that the fluid flows through the first channel to the first cavity 
during use, and wherein a second channel is formed in the supporting member, the second 
channel coupling the second caviry to the first cavity such that the decoupling solution flows 
from the second caviry through the second channel to the first cavity during use; and 

a detector, the detector being configured tD detect the signal produced by the interaction of the anaiyte 

with the panic te during use; 

wherein the light source and detector are positioned such that light passes from the light source, to the 
particle, and onto the detector during use. 

309. The system of claim 308, wherein the sensor array further comprises a plurality of additional particles 
positioned within a plurality of additional cavities, and wherein the system is configured to 
substantially simultaneously detect a plurality of analvtes in the fluid, and wherein the second caviry is 
coupled to the additional cavities such that the reagent may be transferred from the second particle to 
the additional cavities during use. 

310. The system of claim 308, wherein the light source comprises a light emitting diode. 

311. The system of claim 308, wherein the light source comprises a red light emitting diode, a blue light 
emitting diode, and a green light emitting diode. 

312. The system of claim 308, wherein the light source comprises a white light source. 

3 1 3. The system of claim 308. wherein the first particle comprises a receptor molecule coupled to a first 
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polymeric resin, and whereto the second parade comprises an indicator molecule coupled to a second 
polymeric resin. 

314. Tbe system of claim 308. wherein the first panicle comprises an indicator molecule coupled to a first 
polymeric resin, and the second panicle comprises a receptor molecule coupled to a second polymeric 
resin. 

315. The system of claim 308, wherein the fust particle comprises a first polymeric resin configured to bind 
to the receptor molecule, and wherein the second panicle comprises the receptor molecule coupled to a 
second polymeric resin. 

3 1 6. The system of claim 308, wherein the supporting member comprises a plastic material. 

3 1 7. The system of claim 308, wherein tbe supporting member comprises a silicon wafer. 

3 1 8. The system of claim 308, wherein the supporting member comprises a dry film photoresist material. 

319. Tbe system of claim 308, wherein the supporting member comprises a plurality of layers of a dry film 
photoresist material. 

320. The system of claim 308, wherein an inner surface of the first cavity is coated with a reflective 
materia]. 

32 1 . Tbe system of claim 308, wherein the first and second pumps comprise a diaphragm pump. 

322. The system of claim 308. wherein the fust and second pumps comprise an electrode pump. 

323. The system of claim 308. wherein the first pump comprises a diaphragm pump or an electrode pump 
and wherein die second pump comprises a diaphragm pump or an electrode pump. 

324. Tbe system of claim 308. wherein the first cavity is substantially tapered such that the width of the first 
cavity narrows in a direction from a top surface of the supporting member toward a bottom surface of 
the supporting member, and wherein a minimum width of the first cavity is substantially less than a 
width of the first particle, and wherein the second cavity is substantially tapered such that the width of 
the second cavity narrows in a direction from a top surface of tbe supporting member toward a bottom 
surface of the supporting member, and wherein a minimum width of the second cavity is substantially 
less man a width of the second particle. 

325. The system of claim 308, wherein a width of a bottom portion of the first cavity is substantially less 
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than a width of a top portion of the first cavity, and wherein the width of the bottom portion of the first 
cavity is substantially less than a width of the first particle, and wherein a width of a bottom portion of 
the second cavity is substantially less than a width of a top portion of the second cavity, and wherein 
the width of the bottom portion of the second caviry is substantially less than a width of the second 
panicle. 

326. The system of claim 308, wherein the sensor amy further comprises a reservoir coupled to the second 
pump, the reservoir configured to bold the decoupling solution. 

327. The system of claim 308, wherein the analyte comprises bacteria, and wherein the first particle is 
configured to produce the signal in the presence of the bacteria. 

328. A method for forming a sensor array configured to detect an analyte in a fluid* comprising: 
forming a cavity in a supporting member, wherein the caviry is configured to allow the fluid to pass 
through the supporting member; 

placing a particle in the cavity, wherein the particle is configured to produce a signal when the particle 
interacts with the analyte; and 

placing a cover upon a portion of the supporting member, wherein the cover is configured to inhibit 
dislodgment of the particle from the cavity. 

329. The method of claim 328, further comprising forming a substantially transparent layer upon a bottom 
surface of the supporting member below the cavity, wherein the bottom layer is configured to inhibit 
the displacement of the particle from the cavity while allowing the fluid to pass through the supporting 
member. 

530. The method of claim 328, further cc«nprising taming an optical detector upon a bottom surface of the 
supporting member below the cavity. 

33 1 . The system of claim 328, wherein a width of a bottom portion of the cavity is substantially less than a 
width of a top portion of the cavity, and wherein the width of the bottom portion of the caviry is 
substantially less than a width of the particle. 

332. The method of claim 328, further comprising forming channels in the supporting member wherein the 
channels are configured to allow the fluid to pass through the supporting member to and from the 
caviry. 

333. The method of claim 328, further comprising forming a pump on the supporting member, the pump 
being configured to pump the fluid to the cavity. 
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334. The method of claim 328, further comprising forming additional cavities in the supporting member and 
further comprising placing additional particles in the additional cavities. 

335. The method of claim 328, further comprising forming a cover, wherein forming the cover comprises: 
forming a removable layer upon the upper surface of the supporting member; 

forming a cover upon the removable layer; 

forming support structures upon the supporting member, the support structures covering a portion of 
the cover; and 

dissolving the removable layer. 

336. The method of claim 335, wherein the cover layer is formed prior to forrmng the cavity. 

337. The method of claim 335, wherein fortning the cover further comprises forrmng openings in the cover, 
wherein the openings arc substantially aligned with the cavity. 

338. The method of claim 328, wherein the particles are placed in the cavities using a rrucromanipulatOT. 

339. The method of claim 328, further comprising forming additional cavities within the supporting 
member, and further comprising placing additional particles in the additional cavities, wherein placing 
the additional particles in the additional ca vines comprises: 

piecing a first masking layer on the supporting member, wherein the first masking layer covers a first 
portion of the additional cavities such that passage of a particle into the first portion of the additional 
cavities is inhibited, and wherein the first masking layer a second portion of the cavities substantially 
unmasked,; 

placing the additional particles on the supporting member; and 

moving the additional particles across the supporting member such that the particles fall into the 
second portion of the cavities. 

340. The method of claim 339, further coniprising: 
removing the first masking layer; 

placing a second masking layer upon the supporting member, wherein the second masking layer coven 
the second portion of the cavities and a portion of the first portion of the cavities while leaving a third 
portion of the cavities unmasked; 
placing additional particles on the supporting member; and 

moving the additional particles across the supporting member such that the particle fall into the third 
portion of the cavities. 

341. The method of claim 328, wherein forming the cover comprises coupling the cover to the supporting 
member at a distance above the supporting member substantially less than a width of the particle. 
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342. The method of claim 328, wherein ihe supporting membrr comprises a sibcon wafer. 

343. The method of claim 342, wherein forming the cavity comprises anisotropicaHy etching the silicon 
wafer. 

344. The method of claim 342, wherein fanning the cavity comprises anisotropieally etching the silicon 
wafer such that the width of the cavity narrows in a direction from a top surface of the supporting 
member toward a bottom surface of the supporting member, and wherein a minimum width of the 
cavity is substantially less than a width of the particle. 

345. The method of claim 328, wherein the supporting member comprises a dry film photoresist material. 

346. The method of claim 328, wherein the supporting member comprises a plurality of layers of a dry firm 
photoresist material. 

347. The method of claim 346, wherein forming the cavity comprises: 

etching a first opening through a first dry film photoresist layer, the first opening having a width 
substantially less than a width of the particle; 

placing a second dry film photoresist layer upon the first dry film photoresist layer, 
etching a second opening through the second dry film photoresist layer, the second opening being 
substantially aligned with the first opening, wherein a width of the second opening is substantially 
greater than the width of the first opening. 

348. The method of claim 347, wherein the second dry film photoresist layer comprises a thickness 
substantially greater than a width of the particle. 

349. The method of claim 345, further comprising forming a reflective layer upon the inner surface of the 
cavity. 

350. The method of claim 328, wherein the supporting material comprises a plastic material. 

35 1 . The method of claim 350. wherein the cavity is formed by drilling the supporting material 

352. The method of claim 350. wherein the cavrry is formed by transfer molding the supporting member. 

353. The method of claim 350. wherein the cavity is formed by a punching device. 

354. A sensor array produced by the method of claim 328. 
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355. A sensor may produced by the method of claim 342. 

356. A sensor array produced by the method of claim 345. 
5 357. A sensor array produced by the method of claim 346. 

358. A sensor array produce by the method of claim 350. 

359. A method of sensing an analyte in a fluid comprising: 
1 0 passing a fluid over a sensor array, the sensor array comprising at least one particle positioned within a 

cavity of a supporting member, wherein the cavity is configured such that the fluid entering the cavity 
passes through the supporting member, 

monitoring a spectroscopic change of the particle as the fluid is passed over the sensor array, wherein 
the spectroscopic change is caused by the interaction of the anaryte with the particle. 

15 

360. The method of claim 3 59, wherein the spectroscopic change comprises a change in absorbance of the 
particle. 

361 . The method of claim 359, wherein the spectroscopic change comprises a change in fluorescence of the 
20 particle. 

30 362. . The method of claim 359, wherein the spectroscopic change comprises a change in phosphorescence of 

the particle. 
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25 363 . The method of claim 359. wherein the analyte is a proton atom, and wherein the spectroscopic change 
is produced when the pH of the fluid is varied, and wherein monitoring the spectroscopic change of the 
particle allows the pH of the fluid to be determined. 

364. The method of claim 359, wherein the analyte is a metal cation, and wherein the spectroscopic change 
30 is produced in response to the presence of the metal cation in the fluid. 

365. The method of claim 359, wherein the analyte is an anion, and wherein the spectroscopic change is 
produced in response to the presence of the anion in the fluid. 

35 366. The method of claim 359, wherein the analyte is a DNA molecule, and wherein the spectroscopic 
change is produced in response to the presence of the DNA molecule in the fluid. 

367. The method of claim 359, wherein the analyte is a protein, and wherein the spectroscopic change is 
produced in response to the presence of the protein in the fluid. 
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368. The method of claim 359, wherein the analyte is a metabolite, and wherein the spectroscopic change is 
produced in response to the presence of the metabolite in the fluid. 

369. The method of claim 359, wherein the analyte is a sugar, and wherein the spectroscopic change is 
produced in response to the presence of the sugar in the fluid 

370. The method of claim 359, wherein the analyte is a bacteria, and wherein the spectroscopic change is 
produced in response to the presence of the bacteria in the fluid. 

37 1 . The method of claim 359, wheTein the panicle comprises ■ receptor coupled to a polymeric resin, and 
further comprising exposing the particle to an indicator prior to passing the fluid over the sensor array. 

372. The method of claim 371, wherein a binding strength of the indicator to the receptor is less than a 
binding strength of the analyte to the receptor. 

373. The method of claim 371, wherein the indicator is a fluorescent indicator. 

374. The method of claim 359, further comprising orating the fluid with an indicator prior to passing the 
fluid over the sensor array, wherein the indicator is configured to couple with the analyte. 

375. The method of claim 359, wherein the analyte is bacteria and further comprising breaking down the 
bacteria prior to passing the fluid over the sensor array. 

37 6. The method of claim 359, wherein monitoring the spectroscopic change is performed with a CCD 
device. 

377. The method of claim 359, further comprising measuring the intensity of the spectroscopic change, and 
further comprising calculating the concenmirion of the analyte based on the intensity of the 
spectroscopic change. 

378. The method of claim 359, wherein monitoring the spectroscopic change comprises: 
directing a red light source at the particle; 

detecting the absorbance of red light by the particle; 
directing a green light source at the particle; 
detecting the absorbance of green light by the particle; 
directing a blue light source at the particle; and 
detecting the absorbance of blue light by the particle. 
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379. A sensor array for detecting an anaiytc in a fluid comprising: 

at least one particle coupled to a supporting member, wherein the particle is configured to produce 
a signal when the particle interacts with the analyte. 

5 380. The sensor array of claim 379, whcicin the particle is coupled to the siippcrting member with via an 
adhesive material 

38 1. The sensor array of claim 379, wherein the particle are coupled to the supporting member via a gel 



10 

382. The sensor array of claim 379, wherein the particle is suspended in a gel material, the gel material 
covering a portion of the supporting member, and wherein a portion of the particle extends from the 
upper surface of the gel. 

15 383. The sensor array of claim 379, further comprising a cover positioned above the particle. 

384. The sensor array of claim 379, further comprising a cover coupled to the supporting member, 
positioned above the particle, wherein a force exerted by the cover on the particle inhibits the 
displacement of the particle from the supporting member. 

20 

385. The sensor array of claim 379, wherein the particle comprises a receptor molecule coupled to a 
30 polymeric resin. 

386. The sensor array of claim 379, wherein the supporting member comprises a plastic material. 

25 

35 387. The sensor array of claim 379, wherein the supporting member comprises a dry film photoresist 

material. 

388. The sensor array of claim 379, wherein the supporting member comprises a plurality of layers of a dry 
30 fibn photoresist material. 



389. The sensor array of claim 379, wherein the supporting membeT comprises glass. 

390. The sensor array of claim 379, further comprising a detector coupled to the bottom surface of the 
35 supporting member, wherein the detector is positioned below the particle. 

391. The sensor array of claim 379, further comprising a plurality of particles coupled to the supporting 
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5 392. The scnsoi array of claim 379, wherein the supporting member is composed of a material substantially 

transparent to visible light. 

393. The sensor array of claim 379, wherein the supporting member is composed of a material substantially 
10 5 transparent to ultraviolet light. 

394. A system for detecting an analyte in a fluid comprising: 
a light source; v 

j g a sensor array, the sensor array comprising at least one panicle coupled to a supporting member, 

10 wherein the particle is configured to produce a signal when the particle interacts with the analyte, and 

wherein the supporting member is substantially transparent to a portion of tight produced by the light 
source; and 

a detector configured to detect the signal produced by the interaction of the analyte with the particle; 
wherein the light source and detector are positioned such that light passes from the light source, to the 
1 5 particle, and onto the detector during use. 
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395. The system of claim 394, wherein the system comprises a plurality of additional particles coupled to 
the supporting member, and wherein the system is configured to substantially simultaneously detect a 
plurality of analytcs in the fluid. 

396. The system of claim 394, wherein the light source comprises a light emitting diode. 



397. The system of claim 394, wherein the light source comprises a red light emitting diode, a blue light 
emitting diode, and a gTeen light enurting diode. 

25 

35 398. The system of claim 394, wherein the light source comprises a white light source. 

399. The system of claim 394, wherein the particle is coupled to the supporting member with via an 
adhesive material. 
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35 surface of the gel. 



400. The system of claim 394, wherein the particle are coupled to the supporting member via a gel material. 

401 . The system of claim 394, wherein the particle is suspended in a gel material, the gel material covering 
a portion of the supporting member, and wherein a portion of the particle extends from the upper 



402. The system of claim 394 , wherein the sensor array further comprises a cover positioned above the 
panicle. 
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403. The system of claim 394, wherein the sensor array further comprises a cover coupled to the supporting 
member, positioned above the particle, wherein a force exerted by the cover on the particle inhibits the 
displacement of the particle from the supporting member. 

5 404. The system of claim 394, wherein me particle comprises a receptor molecule coupled to a polymeric 



405. The system of claim 394, wherein the supporting member comprises a plastic material. 

10 406. The system of claim 394, wherein the supporting member comprises a dry film photoresist material. 

407. The system of claim 394, wherein the supporting member comprises a plurality of layers of a dry film 
photoresist material. 

15 408. The system of claim 394, wherein the surjportimj member comprises glass. 



409. The system of claim 394, wherein the supporting member is composed of a material substantially 
25 transparent to ultraviolet light 

20 4 10. The system of claim 394, wherein the detector comprises a charge-coupled device. 

30 4U. The system of claim 394, wherein the particle comprises a receptor molecule coupled to a polymeric 

rcain. 



25 412. The system of claim 394, wherein the system comprises a plurality of particles coupled to the 

supporting member, and wherein the plurality of particles produce a detectable pattern in the presence 
of the aoalyte. 
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